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HOW TO METER 
ACIDS ACCURATELY 
AGAINST PRESSURE 


Corrosive liquids present two major obstacles to achiev- 
ing maximum metering accuracy, economy, and safety. 
For one thing, corrosion can introduce an intolerable 
ever-changing volumetric error. For another, corrosive 
liquids must be retained by the pump at all times. Leak- 
age can endanger personnel and necessitate the pre- 
mature replacement of pump parts and associated 
equipment. 

But both obstacles can be successfully overcome. 
First by choosing the right pump for the metering job 
at hand. Second, by making sure that all wetted parts 
of the pump chosen are inert to the liquid being me- 
tered. Here are some ideas based on practical acid 
metering experience that may help you to choose the 
one best controlled volume pump for your metering 
needs. 









en 


Packed Plunger Pumps 


For the majority of mildly corrosive liquids, low cost 
packed plunger pumps have proved themselves entirely 
adequate. Some thirteen materials of construction are 
standard on packed plunger pumps, running from cast 
iron to Hastelloy B and C, more than enough to satisfy 
mild corrosive metering requirements. Capacities to 
2056 gph, pressures up to 50,000 psi. 

An added tip: Standard Milton Roy motor driven 
pumps in corrosive service can be equipped with “catch- 
all” yoke type gland followers. 





Diaphragm Liquid Ends 
When the liquid to be metered is highly corrosive or 


otherwise dangerous, a controlled volume pump with 
diaphragm liquid end is the best choice. A plastic or 





If precision pumping of dangerous chemicals is one of your 
problems, look again to Milton Roy’s 25 years of experience 
for your most economical solution. Write for a general intro- 
duction to controlled volume pumping in Bulletin 553-1. 
Milton Roy Company, 1300 East Mermaid Lane, Phila. 18, Pa. 


Controlled Volume Pumps ° Quantichem Analyzers * Chemical Feed Systems 


stainless steel diaphragm positively separates the proc- 
ess liquid and the plunger. The plunger displaces a 
hydraulic fluid which in turn strokes the diaphragm to 
create pumping action through the ball checks. Con- 
sistently high accuracy is achieved through unique de- 
sign features. As the illustration shows, positive me- 
chanical action bleeds any air or vapor from the 
hydraulic side between strokes and corrects liquid 
volume if necessary. Internal liquid end design also 
automatically eliminates bubbles from the process 
liquid side. 

Very often, a pump chosen for mild corrosive service 
is obsoleted by a process change specifying a more 
highly corrosive liquid. But this waste is neither nec- 
essary nor desirable. The diaphragm liquid end illus- 
trated can easily be substituted for the conventional 
liquid end on any standard motor driven controlled 
volume pump, bringing the entire metering system up 
to date at little extra expense. Designs of this type will 
handle up to 400 gph against heads to 2700 psi. 


Totally Immersed 
Liquid Ends 


Special metering problems 
demand special pump de- 
signs. For example, acids 
with high vapor pressure 
or high specific gravity 
must be pumped with lim- 
ited suction lifts and gen- 
erally require suction 
heads. The ideal answer 
is the standard Merse- 
metric® controlled volume 
pump. Pump drive and 
motor are mounted on the 
tank top, but the liquid 
end is completely submerged to a depth of up to four- 
teen feet. This same design feature also eliminates the 
need for tank connections below liquid level, and per- 
mits chemicals to be metered directly from storage. 

The maximum safety-minimum handling Merse- 
metric design is just about standard for metering sulfuric 
acid for demineralizer regeneration and pH control of 
cooling tower water and deaerator effluents. Capacities 
up to 218 gph, pressures up to 1200 psi. 











The Acid Metering System 

You can be fairly sure of making the right choice only 

if you consider all the factors. Here’s a convenient 

checklist of a few points that are often overlooked: 

@ Is the entire system corrosion-resistant . . . storage 
tank, suction and discharge piping, controlled vol- 
ume pump, and relief valve? 

@ Have you thoroughly considered the physical prop- 
erties of the liquid? High vapor pressure or high 
specific gravity liquids may demand a suction head. 

@ Have you considered plant and personnel safety 
under all possible conditions? 

@ Have you considered maintenance as well as first 
cost in determining the economics of the system? 


OY 
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| WAS A 
TEENAGE 
FLOWMETER 
CLEANER 


GD 


At the kennel they said I’d come to no good. 
After all, what careers were open to a dog born with 
bottlebrushes instead of forepaws? And then a kindly 
instrument engineer stepped into my life. He saw me 
not as a pointless cur, but as a first class meter cleaner. 

How proud I was with my shiny badge, bucket 
and bright yellow helmet. Each morning I sat by as 
my crew dropped a flowmeter out of the line. Then, 
a quick dip in detergent, and into the meter I jumped, 
forebrushes swinging. They were happy days, in 
spite of the inevitable tight spots. Many’s the venturi 
I’ve squeezed through, and I carry the scars of any 
number of disgruntled orifices. 

Then, doomsday! One afternoon, while chasing 
a cat around a reactor, I overheard some talk about a 












new magnetic flowmeter on its way from Fischer & 
Porter . . . without restrictions. No cunning crevices 
. no rotors .. . no plates . . . no place for dirt to 
collect. I slunk away defeated, pausing only to cry 
at the feet of my kindly instrument engineer. 
Meter cleaners of the world .. . UNITE! Every 
day Fischer & Porter turns out more of these new 
meters that can measure tougher liquids, with lower 
and lower conductivities. They’re already down to 
one micromho per centimeter . . . less than distilled 
water. Your job may be next. If you don’t believe 
me, ask for your copy of Catalog 10D1416. Write 
Fischer & Porter Company, 579 County Line Road. 
Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


ml —) FISCHER & PORTER COMPANY COMPLETE PROCESS INSTRUMENTATION 
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By avoiding knife edges, bearings and associated 
pressure-tight mechanical fittings. K & M has achieved 
almost frictionless operation in the Flexotrol Dis- 
placement-Type Liquid Level Controller. As a result, 
errors due to friction, distortion and hysteresis are 
practically nil. 


Actuation is accomplished through a torque element 
which directly transfers displacer movement to the 
controller. There are no intermediate levers. Because 
the rotation of the tube is limited (4°) and because the 
whole assembly is constructed of high-durability ma- 
terials, the torque system has remarkable fatigue 
resistance. Tests in excess of five million operating 
cycles have produced no detrimental fatigue effect. 


Our 80th Year 
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-++ “Frictionless” design gives 


Flexotrol* longest life, 





stability and accuracy of 


any displacement level controller 


The controller unit utilizes conventional 3-15 psi 
signal air pressure, has a 0-150% adjustable propor- 
tional band, may be direct-, reverse- or snap-acting 
without parts change. The Flexotrol Level Controller 
can also be converted to a transmitter-controller com- 
bination. Automatic reset and rate response are 
optionally available. 






Full details are given in Bulletin 
456-1. A copy is yours for the asking. 


*Flexotrol is a trade-name of Kieley & Mueller, Inc. 


KIELEY & MUELLER, INCORPORATED 


O/dest Pressure ana 


€4 Genung Street, Middletown, New York 








Valve Manufacturer 
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new Bourns angular 
position transducers 






Infinite Resolution/ 

Stable High Signal Level— 
AC & DC/10,000,000 
cycle life—no sliding contacts/ 
Vibration to +35G; shock to 100G 


New position transducer line 
designed for high accuracy 
servo-systems requiring infinite 
resolution—high sensitivity. 
Differential transformer output 
signal for AC circuits. Available 
with integral demodulator 

for DC circuits. 


Model 





2200 (with | 
+ 
26 v, 400 
0.15 v 
+0 


ral Demodulator) 
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degree arc into 






to + 
No. 15 


Write for complete technical data 





BOURNS 
Inc. 
P.O. Box 2112E, Riverside, Calif. 


Field Engineering Offices: 
L.L., New York, and Dallas, Texas 











Picneers in potentiometer transducers for position, pressure and acceleration. 
Exclusive manufacturers of Trimpot®, Trimit® 
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Choose Electronic or 
But Choose the 


“T= CONTROLLERS 
THAT HANDLE 
ALL YOUR 
LIQUID LEVEL 


~ PROBLEMS 
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High IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY... 
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e Choose Pneumatic 
> | FISHER LEVEL-TROL’ 


Using essentially the same displacement float as- 
sembly and other components that have made the 
Level-Trol so popular in the process industries, 
Fisher can now provide the Level-Trol with either 
a pneumatic or an electronic pilot. The same styie 
of Level-Trol mounting and displacement floats in 
sizes up to 120” can be supplied for either pilot. 


Type 2300-249 Electronic Level-Trol: Explosion- 
proof design and external adjustments for propor- 
tional band and liquid level set point make the 
Fisher Electronic Level-Trol ideal for use in hazard- 
ous locations. Delivers a proportional 1 to 5 
milliampere dc signal through 3000 ohm load. Has 
plug-in converter with printed circuit. 


Type 2500-249 Level-Trol: Highly flexible! Can be 
pneumatically operated with a wide variety of pilots. 
Handles practically any liquid level, interface level 
or specific gravity control or indication problem. 





TYPE 2500-249 





ST aN Ch ome 


CISHER: FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT CO., CORAOPOLIS, PENNSYLVANIA 





SINCE 1880 
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MORAL: For anything in analog, see Philbrick. GAP/R has the world’s most complete line of el- 
actronic computors and components. Write for freely given opinions on individual applications. 


—_ i ¢ — 


285H COLUMBUS AVENUE. BOSTON 16, MASSACHUSETTS 
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WHAT’S NEW 
——a re ree 


Grandma's Lye Soap 





Teamwork in Process Control 


Computers and Utilities 


Score-keeping Computers 







Computers Translate Braille 









INDUSTRY 


Do you remember Grandma’s lye soap? When it came to versatility, 
Grandma’s wonderful lye soap was the out and out champ, good 
for everything from washing the baby to curing snake bite. But 
Grandma’s descendants have out-champed the champ. Lye soap 
must make way for the computer. A computer won’t wash the 
baby — yet — but it will wash your clothes. We’re not sure about 
its capabilities in the snake bite line, but it is a valuable tool in 
medical research, working against such mass killers as heart dis- 
ease. And in between these extremes, computers are doing a yeo- 
man’s job in business, industry and defense. 


Daystrom and Universal Oil Products have teamed up to apply 
electronic computer control systems to the oil and other continuous 
process industries. The new service is the result of a two and one- 
half year joint effort by the firms. Daystrom will supply the com- 
puter know-how, with UOP contributing extensive facilities and 
engineering talents of leading process designers, computer designers 
and computer systems specialists. 


The gas industry is solving its formidable flow analysis problem 
with the help of digital computers. Representatives of the Institute 
of Gas Technology said at a recent AIChE conference that special- 
purpose analog and general-purpose digital computers have been 
successfully applied to this problem, providing the gas industry 
with important new tools for the design and operation of distribu- 
tion systems. The Gas Institute’s ALWAC III computer has been 
used to solve network flow problems involving approximately 500 
different distribution systems. The magnetic tape recorder and 
automatic equipment have opened a new door in utility load re- 
search, Westinghouse engineers reported at a recent AIEE meet- 
ing. The use of such equipment makes random sampling at the 
customer level feasible; load studies can be performed in greater 
detail and conclusions reached before the data are obsolete. The 
Los Angeles Department of Water and Power, serving 1 million 
customers, recently used the new method of load research. 


The Air Force has developed . new mobile multiple tracking sys- 
tem using an electronic computer to evaluate the performance of 
interceptors and the air-to-air missiles they fire. The system, de- 
veloped by Cubic Corporation of San Diego, tracks three airborne 
vehicles simultaneously and scores the performance of all three. 
A Bendix G-15 is used to compute and record all action simultane- 
ously and relay position information to a plotting board. The sys- 
tem also can be used to score simulated missions in place of real 
rocket firings. 





A standard IBM 704 data processing system is translating printed 
texts into Braille, finishing a 300-page book in an hour —a job that 
takes six days for a skilled Braille translator. The procedure cre- 
ates in minutes a raised Braille printing plate suitable for produc- 
tion of books for the nation’s 350,000 blind. 

(Please Turn to Page 13) 
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Write your own ticket 
for Honeywell 
thermocouple wire 


Choose from over 100 variations of insulated thermocouple wire 
and thermocouple extension wire. Honeywell can supply it from 
stock, with insulation in any of the conventional combinations of 
asbestos, glass, polyvinyl, Teflon and others. Should your applica- 
tion require other than conventional insulation, Honeywell can 
custom-make what you need, quickly and economically. 


Call your local Honeywell field engineer . . . he’s as near as your 
phone. Or write for Buyer’s Guide C100-8. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


Honeywell 
HH] Foate ix. Conceal 
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WHAT’S NEW IN THE INDUSTRY (Con’t from page 11) 


Naval Intelligence 


Electronic Systems That “Read” 


July 1959 


Metric System Backed 


New Firms 


Contracts 





Burroughs and RCA data processing systems will be used to keep 
up-to-the-minute tallies on Naval supplies and control their flow 
to depots and the fleet. The gun factories and allied facilities of 
the Naval Bureau of Ordnance form one of the nation’s largest 
industrial complexes. 


High-speed data-handling systems that “read” printing or pictures 
in the manner of the human eye and process information in the 
form of coded light signals may result from new optical-electronic 
techniques now under study at RCA. The methods are based on 
the use of light-sensitive and light-emitting devices linked in net- 
works to perform the coding, switching and storage functions basic 
to electronic computing and data processing. 


Secretary of Commerce Lewis Strauss recently told the American 
Physical Society he will ask the Bureau of Standards to assemble 
an advanced planning group to point out possible courses of action 
leading to the adoption of the metric system. Said Strauss, “The 
force of science and technology as well as the needs of the inter- 
national economy will require the change” to the metric system. 


Systron Corp., Concord, Calif., has acquired San Jose Scientific Co.. 
manufacturers of strip chart recorders and digital voltmeters... 
Baird Atomic, Cambridge, Mass., has acquired four nuclear firms: 
Atomic Associates, Inc., New York; Atomic Associates, Inc., Cali- 
fornia; Atomic Accessories, Inc., and Atomic Development and Ma- 
chine Corp., both of New York...Induction Motors Corp., West- 
bury, New York, has acquired Mason Electric Corp. of Los Angeles. 
Induction also will change its name to IMC Magnetics Corp. 


Newcomers in the field include Analab Instrument Corp. of Clear 
Grove, N. J., designing and manufacturing analytical and laboratory 
instruments for science and industry...Computer Sciences Corp.. 
Los Angeles, formed to serve computer users and manufacturers 
in feasibility studies, applications programing and problem analysis 
... Caswell Electronics Corp., San Jose, Calif., specializing in the 
development and production of microwave transmission line com- 
ponents and subassemblies. 


Hagan Chemicals and Controls has a quarter million-dollar con- 
tract for controls, instrumentation and data processing equipment 
for TVA’s Widow's Creek Station in Stevenson, Alabama, a gi- 
gantic steam boiler, the largest in the world, powering a turbine 
with an output of 500,000 KWH — enough electricity to supply the 
residential needs of a city of two million. ..Stromberg-Carlson 
has contracted to build nuclear instrumentation and safety systems 
for the Army’s skid-mounted nuclear power station to be con- 
structed by Alco at Schenectady ...CEC’s Datalab Division received 
a $135,480 contract for the design and development of airborne 
magnetic tape recorders to monitor the nation’s first manned or- 
bital space flight...The Federal Aviation Agency has awarded 
$28,000 to Fairchild’s Astrionics Division to investigate the applica- 
bility of their PADAR system to proximity warning and collision 
avoidance in air traffic control. 
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PARADOXES 
FOR COMPUTER SYSTEMS ENGINEERS 


Modern military requirements for airborne avionic 
equipments present to the computer designer 
the paradox of great system complexity with the 
constraining factors of extremely high reliability 
and new orders of miniaturization. Solutions 
which reflect in the ultimate equipment design 
must include sophistication in the original 
approach to the system...in mathematical proc- 
esses...and in logical design, as well as new 


hardware concepts. 


This paradox presents real challenges to the 
ingenuity of scientists and engineers who are 
engaged in important weapons systems work 
being done by our Computer and Control Sys- 
tems Laboratory. If you have a knowledge of 
modern airborne weapons systems, including the 
aspects of data collection, processing, and real 
time digital control functions, you may wish to 
work on new and very comprehensive Litton 


Industries programs. 


Inquiries may be directed to Mr. C. T. Petrie 


Mechanization of logic wiring, predetermined 
in optimum form by computer simulation, 


is discussed by W. Ruppenthal and W. Reimann 





LITTON INDUSTRIES Electronic Equipments Division 
336 North Foothill Road, Beverly Hills, California 
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A five-foot bookshelf is a 10-minute task 





for this AMPEX FR-300 digital tape handler 


Yes, the Ampex FR-300 could easily ‘‘read’’ or ‘‘write’’ the 
digitalized equivalent of a five-foot bookshelf in less than ten 
minutes. Why is this important? Because today’s big computers 
accept and present large quantities of data in a hurry. Their 
time may be worth as much as $1000 per hour. Keeping one wait- 
ing for data is expensive. 


As the fastest available magnetic tape handler for ‘‘on-line’’ 
duty with these machines, the FR-300 maximizes utilization of 
high-speed digital computers. By placing two 6-bit alpha-numeric 
characters side by side on one-inch tape at 150 ips and 300 bits 
per inch, it achieves 90,000 character-per-second transfer rates. 


Short, predictable start/stop times reduce buffer requirements 
and Ampex dependability further increases computer efficiency. 


First in magnetic tape instrumentation 


AMPEX 


Ampex offers digital systems complete from head to tape (the 
sensational new Ampex Computer Tape, by the way) because a 
system designed as an integrated whole will out-perform those 
built from tape transports, magnetic heads, amplifiers and tape 
secured from a variety of different suppliers. 


For lesser computers and ‘‘off-line’’ duty on such auxiliary digi- 
tal equipment as converters, data plotters, printers, etc., the 
FR-400 and FR-200A tape handlers (not shown) provide a wide 
wide range of lower transfer rates. And in the background above 
are two fine analog recorders, the FR-100A and FR-1100, to re- 
mind you that only Ampex offers such a broad line of fixed and 
mobile recorders for instrumentation and control. 


A folder on the FR-300 is available if you would like one. 


AMPEX INSTRUMENTATION DIVISION 
934 Charter Street, Redwood City, California 








CORPORATION 





Offices in USA and Canada. Engineering representatives cover the world 
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In Masoneilan Transmitters... 
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Important Design Features 
Give You Top Performance 


Accurate, dependable pneumatic transmission of pressure or tem- 
perature is assured by these compact, lightweight, force-balance trans- 
mitters. In addition to the advantages inherent in this class of 
instruments, the Masoneilan design offers a number of features which 
make them outstanding. 





Simplicity and unit construction, plus compact ruggedness, make these 
transmitters very easy to install and maintain. This, plus moderate 
first cost, makes them a topnotch investment in improved measure- 
ment and control. Send for your copy of bulletin. 


Mason - NEILAN 


A Division of Worthington Corporation 
29 NAHATAN STREET, NORWOOD, MASSACHUSETTS 
District offices or Distributors in principal cities in U.S. 
In Canada: Mason-Neilan, Division of Worthington (Canada), Ltd. 
MN9-9 
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That's close 
enough for the most crit- 
ical control requirements. Actual 
performance demonstrates that it is 
being done with a simple electrical 
unit—automatically. No attention is 
needed, the operator simply selects 
the control point on the controller. 
A Gordon XACTLINE in the control 
circuit actuates the control before the 
set temperature is reached (up or 
down). The short on-off cycle (as short 
as three seconds) thus produced will 
give extremely close control. Because 
it's electrical—with no dependence on 
gears, cams, shafts, etc.—it is accu- 
rate and reliable. 
For Any Heat Process 
Gordon XACTLINE can be placed in 
the control circuit of any fuel-fired or 
electrically heated oven, furnace, 
kiln, injection molding machine, etc. 
Once installed, no adjustment or co- 
ordination with the control instru- 
ment is required regardless of size 
of furnace, length of heating cycle, 
or density of load. It can be used 
equally well with any existing in- 
dicating or recording standard pyrom- 
eter controller, regardless of age. 





Gordon XACTLINE— 
a complete, factory-assembled, factory-adjusted 
instrument enclosed in dustproof case, ready 
for installation anywhere. 

Write for complete details 


5552 





CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 

ozs West 30th Street, Chicago 16, Illinois 
2011 Hamilton Avenue, Cleveland 14, Ohio 


E Bs eee 
CIRCLE NO. 12 ON PAGE 99 


18 














ie Outlook for Computer Control 


Very timely to this issue of 
the ISA Journal, devoted as it 
is to the status of computers in 
process control, is the thinking 
of one of the leading and most 
successful proponents of com- 
puter control — I. Melville Stein, 
president, The Leeds & North- 
rup Company. This is an excerpt 
from Mr. Stein's keynote address 
to Texas A&M's Fourteenth An- 
nual Symposium on Instrumen- 
tation for the Process Industries. 


I want to say first that I am an 
optimist about the future of computer 
control. I tell you this now so that 
you will not misunderstand some 
words of caution at the outset of my 
remarks. 


Some producers of computers only 
recently entered into the field of auto- 
matic control of continuous processes 
are, in my judgment, promising too 
much too soon. Among these new- 
comers afe companies whose com- 
petence in computer techniques is ex- 
cellent. But there is much more to the 
automatic control of continuous proc- 
esses than sound computer techniques. 


I am much concerned about 
the set-back computer control 
may experience if, as the result 
of promising too much too soon, 
there are many disappointments 
in actual performance. This situ- 
ation already has developed in 
application of computers to of- 
fice procedures; in some cases, 
after the expenditure of much 
time and money in preparatory 
work and the purchase of expen- 
sive equipment, the promised 
benefits have not materialized. 
Significant Advances in Control 

Before proceeding to give you my 
views about the future of computer 
control, I must review briefly two 
significant steps in the development of 
refined automatic controls—necessary 
if we are to see computer control in 
proper perspective. 


First I wish to emphasize that the 
full advantage of advanced forms of 
control cannot be realized unless the 
process plant itself is susceptible to 


such control. The second point I want 
to emphasize is that individual, proc- 
ess-variable controllers are here to 
stay, and computer controls will be in 
the nature of an additive refinement. 
Thus, if the computer should fail to 
function properly, only the refinement 
which it contributes would be lost, 
and the conventional control system 
would continue to provide stable op- 
eration just as it did before adding 
the computer. 


The Future of Computer Control 


Computer control offers, not 
a substitute for present conven- 
tional control, but a refinement 
achieved by addition to such 
control; the full realization of 
this additional refinement will 
depend on how susceptible the 
process itself is to this additional 
refinement. 

As an intermediate step toward 
computer control, a satisfactory com- 
puter can be of great value in analyz- 
ing the static and dynamic character- 
istics of the process to determine 
where the process operation can be 
improved for control and to appraise 
the advantages to be gained by adding 
computer control. A logging system 
periodically reads out, in digital form, 
any process variable and any abnormal 
performance. This latter feature per- 
mits the plant operator to adjust the 
individual set-points to give the op- 
timum performance attainable in the 
process as it exists. Additionally, the 
computer cai. be used to calculate in- 
volved “operating guides”. 

As you undoubtedly are aware, both 
the intermediate and ultimate uses of 
computers to improve process control 
require what is called “computer pro- 
graming”. This requires determining 
the static and dynamic characteristics 
of the process and then adjusting the 
computer programing element to take 
these characteristics into account. 

Obviously, for programing adjust- 
ments to be correct for a reasonable 
time, the characteristics of the process 
itself must be stable over that inter- 
val, regardless of such factors as chang- 
ing ambient temperatures and system 
cleanliness. It is possible through 
“adaptive control” for the computer 
automatically to readjust its own pro- 
graming to allow for changes in one 
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New from GPE Controls... 

Model 776F Flow Transmitter has the 
lowest differential pressure requirement 
of any transmitter...as low as 3” w.c. for 
maximum output of 25 volts d.c. at power 
levels up to 5 watts. Permits use of larger 
orifices; transmission over as much as 5 
miles; simultaneous operation of controllers, 
recorders, analog-to-digital converters. 
Automatically extracts square root for 
straight summarization of flows. Also Model 


776D for differential pressure transmission. 








COMPANY 








A 
Write for descriptive literature 
o PE tick TERERAL GPE Controls, Inc. (tormeriy Askania Reguiator Company) 
PRECISION 240 East Ontario Street + Chicago 11, Illinois 





A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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Control 

gases 

safely, 
accurately 


. Yours for the asking 
Take advantage of Victor's 
long experience with high 
pressure gas regulation to 
help solve your special 
problems involving flow 
rates, delivery pressures 
corrosive fluids and tem 
perature compensation 
Write, wire or phone us 
today. No obligation 





You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 
pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 
inlet pressures to 15,000 psi . . . plus ability to obtain flows in excess of 50,000 scfm at maximum inlet 
and outlet pressures. Chart below shows operating range of standard models. 





MODEL MAX. INLET MAX. OUTLET FEATURES MAX. FLOW 
NO. PS! PS! SCFM 
GD10 3,600 500 Singie adjustment regulator contr 250 
GD30 2,500 2,500 Load & bleed valve contro 400 
GD31 3,600 3,600 Load & bieed valve contro 600 
GD61C 2,500 2,500 Load & bleed vaive contro 170 
GD62C 3,600 3,600 Load & bleed valve contro 200 
GD65 6,000 6,000 Load & bleed valve contro 250 
6D65C 7,000 7,000 Load & bieea valve contro 250 
GD80A 5,000 5,000 Load & bleed valve contro 500 
GD8IA 10,000 10,000 oad & bleed valve contro 800 
GD86R 10,000 10,000 For remote contro! only 1,200 
GD100R 6,000 6,000 For remote control only 20,000 
GD100 6,000 6,000 Load & bleed valve contro 20,000 
GD200 6,000 6,000 Load & bieed valve contro 50,000 
GD700 7.000 7,000 Single adjustment regulator contro 250 
self relieving 
SR10 3,600 1,000 Small, spring loaded regulator 4 
LR20B 7,000 7,000 Spring loaded regulator; self relieving 2 
LR20BSS 10,000 10,000 Spring loaded; stainless stee 2 
LV10 7,000 7,000 Loader valve contro 15 
BPRIO 7,000 7,000 Back pressure regulator 2 


Operating temperature range: —67 F. to +250 F 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu- 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above 10,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets. 


VICIOR EQUIPMEN] COMPANY Piss: 


Mfrs. of High Pressure and Large Volume Gas Regulators; welding & cutting equipment; hardfacing rods 


rs blasting nozzles; cobalt & tungsten castings; straight-line and shape cutting machines 
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844 Folsom St., San Francisco 7 + 3821 Santa Fe Avenue, Los Angeles 58 + 1145 E. 76th St., Chicago 19 
CIRCLE NO. 14 ON PAGE 99 J. C. Menzies & Co., Wholly-Owned Subsidiary 
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or several process characteristics; but 
if many characteristics required such 
treatment, the use of adaptive control 
could readily become impracticable. 

Successful application of full com- 
puter control requires very-high com- 
puter reliability. Because of the non- 
availability of computers that appear- 
ed entirely reliable, Leeds & Northrup 
Company, about a year ago, entered 
into a cooperative agreement with 
Philco to develop a computer of ade- 
quate reliability and having other suit- 
able characteristics. An unusual degree 
of reliability had already been demon- 
strated by the basic Philco computer 
in important military applications. 
The purpose of the cooperative devel- 
opment is to adapt the basic arrange- 
ment to automatic control of continu- 
ous processes without diminution of 
the basic reliability. The development 
work in the Philco Laboratories and 
in the L&N R&D Department has 
made steady progress, and the outlook 
for achieving the desired result is en- 
couraging. 

Technologists of companies operat- 
ing continuous industrial processes 
have made, and are making, extensive 
studies of process dynamics, but much 
remains to be done in this field be- 
fore the prospects for full computer 
control can be properly appraised. 


How Much Computer Control? 


It is interesting to speculate on what 
will ultimately limit computer control 
of continuous industrial processes. 
Will it be the limitations of the com- 
puter, or will it be the limitations of 
the process? Some leading process in- 
dustry technologists feel that the limit- 
ing factor will be the computer con- 
trols rather than the process character- 
istics. As an optimist engaged in the 
development and produczion of com- 
puter controls, I feel that the ultimate 
limit will not be in the controls. Based 
on past experience in the development 
of refined controls, I expect a sort of 


“see-saw” pattern in which both the- 


controls and the process plant are 
continually improved, with the limita- 
tion shifting from time to time from 
one to the other. Probably the ulti- 
mate limit will be economic: refine- 
ments in both the controls and the 
processes will have reached the point 
of diminishing return so that further 
refinements in either would not be 
economically justifiable. In any event, 
I feel we are a long way from ultimate 
accomplishment in either category. 
In parallel with its developments in 
the relatively new field of computer 
controi of continuous processes, Leeds 
& Northrup is carrying on several 
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ony EMC OR’ gives 


you more quality features 


A) EQUIPMENT MOUNTING: Adjustable panel 
mounting angles on all vertical panel space open- 
ings allow for easy recessing of equipment. 


FRAME COMPONEN:. Choose from hundreds of 
components . . . doors, side panels, drawers, etc. 
. in louvered, perforated or plain styling. 


STURDY CONSTRUCTION: Heavy 14 gauge, prime 
quality, cold rolled steel offers rugged structural 
support . . . higher load carrying capacity. 


'D) LONG LASTING FINISH: Light and dark gray 
metallic baking enamel applied over “BONDERITE” 
for a pleasing, dignified two-tone contrast de- 
signed to blend with equipment and colors in 
any application. 


Over 700 frames that can be joined side-by-side, 
front-to-back, back-to-back, one above the other, 
or in any combination thereof for versatility in 
control center design. 


WRITE FOR YOUR COPY OF CATALOG 106 


Originators of the Modular Enclosure System 


IN METALFORMERS CORP. 
ONGDON, DEPT. 1222 + ELGIN, ILLINOIS 
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Series 1000. 


Easy-to-use compact Beta Series 1000 high voltage 
supplies come in 13 different models, providing volt- 
ages up to 60kv dc and currents as high as 500 ma. 
Adjustable output voltage (0 to max. rating with 
coarse and fine controls); extremely low ripple; easy, 
rapid polarity reversal and full metering are a few 
outstanding features. 


HV DC TO 250KV WITH MAXIMUM 
CONVENIENCE, SAFETY 
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Series 2000 — control section (left). 
Series 2000 — high-voltage section (right). 


Simple to operate, conservatively rated to insure 
long, optimum performance with maximum safety, 
Beta Series 2000 supplies come in thirteen different 
models, with maximum voltages ranging from 1 to 
250kv dc. Output voltage continuously adjustable 
from 0 to maximum. Two-unit design allows optional 
remote operation of high voltage circuits. For maxi- 
mum voltages less than 30 kv, the high-voltage unit 
is air-insulated; for higher voltages, oil-insulated 
(shipped dry). Every precaution is taken to insure 
personnel and equipment safety. 





Sorensen markets the widest line of controlled power equipment available today, 
including: Regulated a-c and d-c supplies, unregulated power supplies, frequency 
changers, inverters, and converters, SAMES electrostatic generators for regulated 
voltages up to 600 kv dc, voltage reference sources, high-voltage d-c overpotential 
testers and high-potential test equipment. 

An exceptionally wide selection of standard models is available and experienced 
Sorensen engineers are always glad to discuss your special needs. 9.13 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 






WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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major developments which constitute 
improvements and extensions of - 
ess control systems, that it has 

producing for many years. Computer 
control has already entered — de- 
velopments in a major way, but the 
full extent to which it will be found 
justifiable is not yet clear. Neither is 
it clear whether the computers to be 
used in the ultimate } 8 ts 
will be of the digital or analog type. 
Probably there will be need for both. 


Digital or Analog? 


For installations where they are ap- 
plicable, analog computers, presently 
at least, are likely to be simpler, more 
reliable and less expensive than digital 
computers. Also, analog computers are 
very useful and are rather widely used 
in “ratio” and “cascade” control sys- 
tems. 
Electronic analog computers, utiliz- 
ing direct-current signals for both the 
input and output circuits, provide 
great flexibility and permit combining 
the computer signals for various com- 

ting operations. This same flexi- 
Bitty makes these computers especial- 
ly adaptable for use in end-product 
control from suitable analyzing instru- 
mentation—an active and growing 
field. 

As an outstanding example of con- 
trol through the use of combined or 
coordinated control systems, I may 
cite the comprehensive and complex 
continuous processes involved in the 
electric utility industry. Here, the au- 
tomatic control problems fall into 
three general categories: heat genera- 
tion, electrical generation, and elec- 
trical transmission. Although control 
systems for these categories have been 
developed as separate entities, they 
are already being tied into one com- 
prehensive system and, in the ulti- 
mate development, all three categories 
are expected to be fully coordinated. 
This must be done to the fullest ex- 
tent ible in ways that will isolate 
any failure to its own area. Figurative- 
ly speaking, this involves comprehen- 
sive automatic control “from the coal 
pile to the customer's lamp socket.” 

New plants will tend increasingly 
to generate heat from nuclear rather 
than fossil fuels. Controls for nuclear 
fuel plants are necessarily much differ- 
ent from those for fossil fuel plants. 
However, for many years to come, 
most new capacity installed will use 
fossil fuels; and many of these now 
in process and to be built in the fu- 
ture will utilize boilers of the “once 
through” type, and more will operate 
at critical or supercritical pressures. 
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The Answer To Your Corrosion Problems 


SCENT ARMORED ITITUBE’ 





ite 
x- 
en 
er 
le- 





re TYPE CT 


TYPE CTA 


. TYPE CAT 


A TYPE CTAT 





y TYPE CT —TIn damp or corrosive locations where a moderate degree of 
x mechanical protection to the tubes is required, as in troughs or 
e attached to sheltered building surfaces as supporting means, the 
- first construction illustrated is recommended. It employs a 
O tough, corrosion - resistant polyvinyl chloride thermoplastic 


\- sheath, resistant to water, acids, alkalies, oils and most chemi- 


cals, applied over CABLED copper tubes. The sheath will not Piesic Costes Single Tubes, 


copper or aluminum, should be 


Y support combustion. used to give corrosion protec- 

7 tion to all single lines up to the 

y TYPE CTA -—-zgives corrosion protection to the tubes, and the galvanized final tube fitting, where trouble 
from corrosion may occur. 


- steel armor protects the tubes and polyvinyl thermoplastic 
- sheath from mechanical injury during and after installation. 
$ Recommended for direct burial in concrete or pulling into 
q underground conduits. 


: TYPE CAT —zives corrosion protection to the galvanized steel armor as 
well as the tubing. Recommended where the polyvinyl thermo- 
. plastic sheath will not be subject to mechanical injury. 


TYPE CTAT —Combining the advantages of Types CTA and CAT, the fourth 
type illustrated has the polyvinyl chloride thermoplastic sheath 
both under the armor and over the armor, thus providing maxi- 

; mum mechanical and corrosion protection. 


All these corrosion-resistant types can be furnished with copper, 
aluminum and polyethylene tubes, and up to 37 tubes. 





Send for Bulletin 458-C giving complete information and engineering data 7 
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TRENTON 5, NEW JERSEY 


“Reg. Trade Mark 
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HOW TO INSURE 


Uniform Product Quality 








Niagara Meters do it Automatically 


Set for 175 Gallons Consistent high quality in every batch 


of candy can only be maintained by 
accurate formulation. That is why this 
candy company, one of the world’s 
largest, uses Niagara Electricontact 
Meters to automatically measure the 
liquid ingredients . .. positive assur- 
ance of day by day accuracy that has 
maintained the enviable reputation 
and quality of this candy for 15 years. 


Whatever your product may be 
—if measuring of liquids plays a 
part in its production, you can be 
sure of consistent quality by the use 
of Niagara Electricontact Meters. 
Automatic measurement is a must in 
today’s competitive market. Avail 
yourself of this cost-saving, time- 
saving accuracy by automation. Write 


Get 175 Gallons for complete information. 


BUFFALO METER COMPANY, incorporated 


2934 MAIN STREET + BUFFALO 14, NEW YORK 
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Development of adequate controls for 
such high-pressure boilers is fully as 
fascinating and challenging as devel- 
opment of controls for nuclear pow- 
er plants. 


I believe the general approach I 
have outlined is a sound one to follow 
in striving for real success in the de- 
velopment of full computer control of 
large, complex and continuous indus- 
trial processes. Where possible—and 
it may not always be possible—i is 
better to segregate the whole complex 
process into several discrete major 
parts and to do a very thorough job 
of controlling each of these parts, in- 
stead of attempting as the first step 
to control the whole comprehensive 
system. When really-satisfactory con- 
trol of each such discrete major part 
has been achieved, it should not be 
difficult to coordinate the several parts 
to provide sound overall control, par- 
ticularly if this ultimate goal is kept 
in mind from the outset. I believe 
that this procedure not only will short- 
en the time to achieve ultimate suc- 
cess, but will produce more reliable 
overall control of a comprehensive 
system. 


User-Maker Cooperation 


I think that there has never 


| been an undertaking that re- 


quires more co-operation be- 
tween the user organizations and 
the control manufacturers than 
the application of computer con- 
trol to continuous industrial 


| processes. 


Fortunately for all concerned, and 
particularly for the control manufac- 
turers, many of the best brains in this 
field are associated with progressive 
user organizations. Without their full 
cooperation the control manufacturers 
would find it extremely difficult, if 
not impossible, to carry out the studies 


| and developments essential to real suc- 


cess. It is largely because of the splen- 
did cooperation that exists between 


| the personnel of progressive user or- 


ganizations and the personnel of the 


| leading control manufacturers that I 


am optimistic about the future of 


| computer control. 





The “Reader Service Bu- 
reau”’ Card following page 
98 is for your convenience 
in making inquiries about 
advertised products and ed- 


itorial items in this issue. 
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DRIVER-HARRIS 


manufactures 

the World’s 

Largest Variety of 
Electron Tube Alloys for 


This fact is ot the utmost importance to every engineer en- CATHODE SLEEVES 


gaged in the design and manufacture of tubes with greater 
reliability regardless of size. 

Whenever tube engineers needed alloys of particular char- GRIDS 
acteristics for cathodes, plates, grids, seals, etc., D-H has 


developed the proper metal compositions to meet their PLATES 
specifications. 


Through vacuum melting and other types of close analysis 
control techniques, D-H research continues at an accelerated GLASS SEALING ALLOYS 
rate to improve the reliability of melt-approval techniques. 


This is the reason for the great diversification of D-H CERAMIC SEALING ALLOYS 


electronic alloys . . . the reason why so many engineers turn 





to Driver-Harris for the production of the exact special- 

purpose alloys they need. SIDE RODS 
Prominent alloys of this group are: Nichrome*, Karbo- 

met*, Gridnic*, Therlo*, 499, 599, 152 Alloy, 142 Alloy, SOCKET PRONGS 


146 Alloy and INCO Alloys 220, 225, 330. 


Now several of these are supplied exclusively vacuum MICA STRAPS 


melted; others can be on specification. In all there are now 


over 132 D-H alloys available for electronic and electrical SUPPORT WIRES 


applications. If your alloy need cannot be satisfied by any 
of these, send us your specification and depend on it... WELDS 


iver-Harris will produce it. 
Drive adit prod e it *T.M. Reg. U.S. Pat. Off. 


DRIVER-HARRIS COMPANY 


HARRISON ’ NEW JERSEY =: BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco * In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTF A 
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This is a record of leadership 












































The Worthington Corporation used a Honeywell 
906 Visicorder to chart the heartbeat of a Worth- 
ington Tripower diesel engine. These Tripower 
(oil fuel, dual fuel, or spark ignition gas) engines 
have a fourteen inch bore, an eighteen inch 
stroke, and develop more than 265 h.p. per cyl- 
inder at 450 RPM. 

The Visicorder used in these tests makes a 
direct, instantly-readable record of the pressure 
variations in the exhaust manifold, cylinder, and 
intake manifold to determine optimum valve 
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Ted Dupler (left) and John McAllister, 

Worthington Engine Research Engineers, measure intake 
manifold, cylinder, and exhaust manifold pressures 

and valve stroke on a Tripower with 

a Honeywell 906 Visicorder. 





timing and engine configuration. The Visicorder 
also produces a permanent record of strain gauge 
measurements taken on the frame and other criti- 
cal engine parts. 

For the manifold and cylinder pressures, strain 
gauge pressure transducers and a strain gauge 
amplifier were used. For the valve lift patterns, a 
linear potentiometer powered with a small bat- 
tery was connected directly to the Visicorder. 

Analysis of these data has led to changes in the 
Tripower engine for best performance. 





The Honeywell Visicorder is the pioneer and un- 
questioned leader in the field of high-frequency, 
high-sensitivity direct recording oscillography. 
In research, development and product testing 
everywhere, instantly-readable Visicorder records 
are pointing the way to new advances in product 
design, rocketry, computing, control, nucleonics 

. in any field where high speed variables are 
under study. 

The new Model 906A Visicorder, now avail- 
able in 8- and 14-channel models, produces lon- 
gitudinal grid lines simultaneously with the dy- 
namic traces, time lines, and trace identification 
by means of new accessory units. 

To record high frequency variables — and 
monitor them as they are recorded—use the Visi- 
corder Oscillograph. Call your nearest Minne- 
apolis-Honeywell Industrial Sales Office for a 
demonstration. 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 


Honeywell 
Hi) Qudustial Product. Croup 
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Filaments 


Convection 
Well 


Conduction 


Porous Metal Discs 


Cross Section of M-S-A Thermatron Type M Cell 


Type M cell adds advantages of thermal convection to 
standard conductivity for selective analysis of one gas in a 
complex mixture of gases without scrubbing out interfer- 
ing components 


Non-explosion-proof type 


2, Gi NGS. Xe) 
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" Explosion-proof type 


INSTRUMENT DIVISION 


MINE SAFETY APPLIANCES COMPANY 


Pittsburgh 8, Pennsylvania | / - . sa 
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SOMETHING NEW 
IN ANALYSIS 

OF GASES BY THEIR 
THERMAL 
PROPERTIES 


This unique development in gas analysis instru- 
mentation combines thermal convection and thermal 
conductivity effects to provide selective measure- 
ment of a single component of a mixture without 
“scrubbing out” interfering components. 


M-3-A° Thermatron* Gas Analyzer solves 
these and many other process problems 


Process Control 
Analysis—65-80% H 
Background—0-1% HC, 14-20% Nz, 0-5% NH; 
Analysis—50-100% H, 
Background—26-27% CO, 0-’%24% HC + Nz 
Analysis—80-100% H, 
Balance C, through C; Hydrocarbons 
Analysis—O-15% Ethylene Oxide 
Background—0-100% CO,, 0-100% Air 


Gas Purity 
Analysis—95-100% CO, 
Impurities—O-4% H2, 0-1% Nz 
Analysis—97-100% H, 
Background—10-17% CO2, 82-83% N. + HC 


Atmosphere Control 
Analysis—O-4% H, 
Background—10-17% CO,, 82-83% N, + HC 


Combustion Control 
Analysis—CO, or H, 
Background—H,, CO2, CO, N2, O2, HC 


Purging Operations 
Anolysis—H, 
Change—100% H; to 100% CO to 100% Air 
to 100% CO, to 100% H, 


MSA has solved these gas analysis problems and a 
multitude of others for over thirty years. Write us 
for new M-S-A Thermatron Gas Analyzer bulletin. 
Or for answers to specific gas analysis problems. 


A B Cc D E 





A—M-S-A® LIRA® Infrared Analyzer. B—M-S-A® Inert Gas Ano- 
lyzer. C—M-S-A® Combustible Gas Analyzer. D—M-S-A® Water 
Vapor Recorder. E—M-S-A® Oxygen Indicator. F—M-S-A® Billion- 
Aire* Analyzer. *Trademark 
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Little Gypsy - - - first computer 
controlled electric power plant! 


The electric power industry took a 
giant step toward safer and more 
efficient plant operation with the 
announcement that the new 
230,000 kw Little Gypsy Station of 
Louisiana Power & Light Company 
will be completely automatically 
controlled by a Daystrom digital 
computer control system. 

The decision to go ahead with 
this project was backed by a year’s 
operational experience with a 
Daystrom computer operating 
on-line at LP&L’s Sterlington 
Steam Electric Station. 

The original Sterlington instal- 
lation, delivered over a year ago, 
came about through the combined 
engineering efforts of Louisiana 
Power & Light Company, Ebasco 
Services Inc., design and consult- 
ing engineers for LP&L, and 
Daystrom Systems. 

The Sterlington computer sys- 
tem performance has demonstrated 
for the first time the reliability and 
utility essential to the stringent 
requirements of overall control 
responsibility. This field operating 


July 1959 


experience permits Daystrom to 
guarantee system operational 
availability of more than 99%. 
The uncompromising criterion of 
design which makes this perform- 
ance possible dictates the complete 
elimination of vacuum tubes and 
moving parts. 

The Little Gypsy computer 
system will perform the following 
functions: (1) Control sequentially 
the 800 or more steps necessary for 
plant start-up and shut-down, con- 
tinuously checking the overall 
progress of the operation; (2) Mon- 
itor at the rate of ten times per 
second the hundreds of electrical 
signals signifying plant operating 
conditions and safety; (3) Instantly 
recognize abnormal conditions and 
take appropriate corrective action 
automatically; (4) Control combus- 
tion, feed water and steam temper- 
ature for best efficiency. 

A substantial number of these 
systems have already been pur- 
chased for performance data reduc- 
tion and automatic control. The 
availability of these new techniques 
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and associated equipment warrant 
your careful study. For conference 
arrangements write or telephone 
Daystrom Systems, A-114, Mira- 
mar Road, La Jolla, California. 
GLencourt 4-0421. 





INPUT CONSOLE — STERLINGTON COMPUTER 





D STROM SYSTEMS 


DIVISION OF DAYSTROM. INC. 


Reliable computer contro! systems 
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(ass by Heel 


FOR CLOSED-LOOP CONTROL 
AND AUTOMATIC DATA REDUCTION 





w 


LEAT ENT 


He RW-300 


DIGITAL CONTROL COMPUTER 


OPERATING SYSTEMS incorporating the 
RW-300 for on-line control and data reduc- 
tion are demonstrating these tangible bene- 
fits: reduced costs, increased output, 
improved quality. 


HIGH RELIABILITY, inherent in the 
advanced design of the RW-300, is being 
proven by thousands of hours of depend- 
able operation. 


SYSTEMS ENGINEERING staff, experi- 
enced in the analysis of complex control 
ind data reduction problems, is assisting 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 






industry with applications of the RW-300 
in chemical, petroleum, steel, cement, elec- 
tric power, and other fields. 
NATION-WIDE SERVICE organization 
is providing skilled maintenance for this 
completely developed, production engi- 
neered, and thoroughly-tested piece of 
industrial equipment. 


For further information, call or write: 
Director of Marketing, The Thompson- 
Ramo-Wooldridge Products Company, P.O. 
Box 90067 Airport Station, Los Angeles 45, 
California, OSborne 5-4601. 


a division of Thompson Ramo Wooldridge Inc. 
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INSTANT 


INDICATION OF 
VOLTAGE TOLERANCE 


MODEL SO COMPARATOR 
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with the NLS 50 Go/No-Go Voltage Comparator 








Here's a new method for determining whether or not an 
input voltage is within prescribed limits . . . and to do so 
quickly, easily and accurately! Just set the front panel dials 
of the NLS 50 Voltage Comparator to read any two voltages 
within the range of + 0.001 to + 999.9 volts. Apply the 
voltage under test and in 90 milliseconds the NLS 50 gives 
a clear go/no-go indication of voltage tolerance. Watch the 
limit lamps on the front panel. If the green “Between Limits” 
lamp lights, the applied voltage lies within the pre-ser 
limits. If either of the red lamps light — “Upper Limit” or 
“Lower Limit"—the voltage under test is too high or too low. 


With a sensitivity of 0.005% and its limit settings precise to 
+ 0.01%, the NLS 50 Voltage Comparator outperforms any 
other type of voltage limit detec‘ur. It’s transistorized, too 
. . . for reliability and ruggedness. And it’s so compact . . . 
the only limit detector complete in one package. Comparison 
amplifier, limit setters, reference supplies and range multi- 
plier are all included in the one instrument, a 314-in. high 
unit that fits conveniently into a standard 19-in. rack. 


In addition to giving visual warning to the operator, the NLS 
50 gives go/no-go commands to such electrical devices as 
cut-off relays, sorting chutes, data printers, tape or card 





Originators 


NLS — Digital Instruments That 
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punches, and audible warning equipment. Extremely versa- 
tile, the instrument may be used as a high-accuracy voltmeter 
without modification and may be adapted easily to detect 
resistance limits. 


The broad applications of the NLS 50 Voltage Comparator 

include the following: 

e Automatic checkout of missiles and electronic systems. 

© High-speed, high-accuracy warning systems involving any 
parameter that can be converted to voltage (speed, tem- 
perature, liquid level, distance, angle, acceleration, mag- 
netism, weight, pressure, flow, light or other radiation 
flux ). 

© Automatic component test equipment for testing resistors, 
relays, diodes, transistors, vacuum tubes, batteries, tachom- 
eters, motors, speed regulators and slip rings. 

© Automatic process control, receiving inspection, produc- 
tion quality control. 


Write today for more detailed information concerning the 
capabilities, applications and operation of the new NLS 50 
Go/No-Go Voltage Comparator. 


price $1775 complete © F.0.8. DEL MAR 


of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (San Diego), CALIFORNIA 


Work ...<And Work 
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Photostat machines, factory assembled, ore protected 
ond secured for safe shipment UNCRATED. Roy 
Williamson reports no major damage to any unit during 
four years of North American padded van service. 


How Photostat Corporation 
solved a problem... 
by shipping UNCRATED in 
NORTH AMERICAN VAN 
LINES’ PADDED VANS 


According to Roy Williamson, Traffic Manager for the 
Photostat Corporation, Rochester, New York, their prob- 
lem was to make fast and safe delivery of factory-assembled 
photocopying machines—ready for use upon arrival. 

North American Van Lines had the answer: ship the 
assembled machines UNCRATED in special padded vans. 
Delivery is made directly into the office where it is to be 
used—and a local Photostat representative quickly makes 
the few simple adjustments required. As a result, the 
customer is happy with a machine ready for use—and 
there are savings in both time and labor. 

If you have a shipping problem, it will pay you to get 
the first-hand facts about North American Van Lines’ 
padded van service. Write or phone today. 


NORTH AMERICAN VAN LINES, Inc. / World Headquarters / Dept. 17-3 / Fort Wayne, Indiana 
In Canada, North American Van Lines Canada, Ltc., Pickering, Ontario...In Europe, North American Van Lines Europe, GMBH. Mannheim. Germany 
= 











@ PRODUCTION 
@ TRANSMISSION 


@ REFINING 


@ OPERATIONS RESEARCH 


The specialized capabilities of this new computer 
open vast frontiers to the oil industry. For example: 


e The MC-5900 permits split-second analyses of 
reservoir and establishes proper pressure and 
depletion rates for optimizing reserve exploitation. 


e The MC-5900 solves for complete distillation- 
conversion process parameters, such as in dehydro- 
genation and cracking—and quality control —and 
provides design data for maximum efficiency in 
refining operations. 


@ With the MC-5900 kinetics for highly complex 
parallel reaction systems now can be solved and 
defined automatically for the first time. 


e The MC-5900 can be used for analyses of opera- 
tions and for automatic control of processes —can 
develop complete process models as well as crack- 
ing, dehydrogenation, and other mechanisms. 


e Indeterminate and continuous structures can be 
completely analyzed and solutions can be presented 
in final isometric form. 


This MC-5900 General Purpose Analog 
Computer provides never -before-available 
answers to design and operating problems in: 





These and many other barrier-breaking benefits are 
made possible by five exclusive characteristics of 
the MC-5900: 


High speed repetitive operation 
Dynamic memory 
Generation of function of two variables 


Dynamic function generation 


fF P.* PS 


High frequency performance hitherto 
unavailable 


The MC-5900 general purpose analog computer was 
developed with specialized capabilities to meet the 
needs of the petroleum and chemical industries. 
Learn how this analysis and simulation system can 


save you dollars. 


For full details, write today. 


COMPUTER SYSTEMS, INC. 
Formerly Mid-Century Instrumatic Corp. 
611 Broadway @ New York 12, New York 
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NORTH AMERICAN VAN LINES, Inc. / World Headquarters / Dept. 17-3 / Fort Wayne, Indiana 


In Canada, North American Van Lines Canada, Ltc., Pickering, Ontario...In Europe, North American Van Lines Europe, GMBH. Mannheim. Germany 
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) = RECORDING never before possible with electro- 

mechanical instruments can now be done with the 
new Sanborn Model 670 X-Y Recorder. Direct writing on 
ultraviolet -sensitive recording paper by a beam deflected by 
optical galvanometers makes possible the combination of fast 
writing speed and 130 cps frequency response not found in any 
other X-Y recorder. Transistor characteristics, acceleration 
and vibration of mechanical parts and events of similar short 
duration can be recorded with linearity of 1% of full-scale and 
at trace speeds as fast as 2500 inches per second. Square wave 
response exhibits no greater than !5% overshoot at any 
amplitude ; sensitivities as high as 62.5 uv/inch (depending on 
preamplifier used ). 


PLOTS OCCUPY AN 8” x 8“ RECORDING AREA and can 
be previewed or monitored on the instrument’s phosphorescent 
screen. An Axis Record switch to-print X and Y axes on the 
record, and a Beam Intensity Control to assure maximum 
trace clarity, are among the front panel controls provided. An 
8” x 8” sheet of the ultraviolet-sensitive chart paper (stored 
in drawer at base of cabinet) is easily placed on the back of 
the hinged screen. Brief post exposure in normal room light 
is the only developing process. 


OPTIONAL INTERCHANGEABLE PREAMPLIFIERS for 
each axis presently include the Model 850-1300B DC Coupling 
and Model 850-1200 Phase Sensitive Demodulator; a Carrier 
Preamplifier, High Gain Preamplifier and a time base gener- 
ator are now in development. Driver Amplifiers are compact, 
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THE NEW SANBORN MODEL 670 
OPTICAL X-Y RECORDER HAS 
e 1% linearity 


e frequency response 3 db down at 
130 cps independent of amplitude 


© writing speeds to 2500 in/sec. 
e 8” x 8” direct print paper chart 


@ trace monitoring on 
phosphorescent screen 

















fully transistorized plug-in units with single-ended input and 
output. Galvanometers are low resistance, low voltage units 
of rugged, enclosed construction; sensitivity and damping are 
independent of coil temperature. Accessible, unitized circuitry 
also extends to the power supplies—a front -panel plug-in for 
both preamplifiers and a second supply for both driver ampli- 
fiers. A built-in blower provides constant, forced filtered air 
cooling. The Recorder can be rack mounted in 1534" of panel 
space, or housed in its own 20” x 20” x 2114” optional port- 
able cabinet. 


» Ask your local Sanborn Sales-Engineering Representative for complete 


information on the Model 670 X-Y Recorder, or write the Industrial 
Division in Waltham, Mass. 


SAN BOR 
CcCOonmrPrAN 


INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 
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NEW... 


from Skinner! 





3-way, 
high-flow, 
solenoid valves 
for general 
industrial use 





Main orifice sizes: full effec- 
tive—%”, 2”, %” for %”, 
Ye”, %” NPT. 


Standard operating pressures: 
5 to 150 psi. 


Media: oil, air, water, vege- 
table and petroleum oils, inert 
gases, kerosene, gasoline. 


Types: normally open, nor- 
mally closed and directional 
control in standard and explo- 
sion-proof construction. 











These new, 3-way L3 Series valves, like all Skinner 
valves, are built to UL standards. Their bodies are 
made of forged naval brass and their internal parts 
are stainless steel and brass. Soft, synthetic inserts 
and seals provide bubbletight sealing. And a unique, 
Buna-N coated nylon diaphragm assembly assures 
long life. The valves are compact, light, and mount 
in any position, directly to the line. They are offered 
in a wide range of voltages and frequencies, with 
many electrical options and manual override. 

Typical applications: air vises, chemical process 
equipment, presses, water treatment equipment, in- 
dustrial machinery, packaging machinery, air and 
hydraulic cylinders, laundry machinery, etc. 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 


SKINNER vaives 





THE Crest OF quatity THE SKINNER ELECTRIC VALVE DIVISION + NEW BRITAIN, CONNECTICUT 
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EASE ANALOG COMPUTERS 


grow step-by-step with your ne 


P eee. 


An initial Installation. For the solution of 
comparatively simple linear differential equa- 
tions you might use this 2120-terminal patch- 
bay and control unit serving 20 amplifiers and 
30 servo-set pots. 





Another Initial Installation. The 3600- 
terminal patchbay offers a somewhat more 
ambitious starting point. Here the control unit 
serves 30 amplifiers, 2 servo-set function gen- 
erators and 100 servo-set pots. 
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After Several Expansions. The original installation at left has been progres- 
sively expanded without modification to handle complex non-linear equations 
involving empirical functions. Now includes 60 amplifiers, 2 servo-multipliers, 14 
electronic multipliers, 8 function generators and 100 pots. Other non-linear compo- 
nents can be accommodated. Capacity may be doubled by adding a second patchbay. 
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After Expansion to One-Half Capacity. Without disturbing the initial instal- 
lation, the computer can be expanded to include 100 amplifiers, 20 function genera- 
tors, 24 multipliers, 12 servo multiplier-resolvers, 200 pots and 8 relay amplifiers. 
Computer shown includes a digital voltmeter, digital clock and the “DO/IT” system 
for entering, programming and recovering data by typewriter. 








An EASE installation large enough to handle the bulk 
of current computational work can be expanded at a later 
date without sacrificing any part of the original invest- 
ment. Small “core” installations, possessing the unequaled 
accuracy of all 1100 Series computers, place no limita- 
tion on the accuracy, versatility or reliability of fully- 
developed facilities. Expansion can take place in small 
increments and in any direction best suited to the needs 
of the user. Components already installed can be shifted 


Beckman’ 


Computational service is available on a rental 
basis at our well-staffed computer facility. 
For details write Kenneth A. Tuttle, Director 
Beckman/ Berkeley Computation Center, 305 
Parkman Ave., Los Angeles 26, California. 
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easily from one rack to another as convenience dictates. 

The small computer provides design engineers with 
a perfect opportunity to learn efficient analog simulating 
techniques. Experience gained solving simpler problems 
enables an engineer to select the most fruitful approach 
to more difficult problems and helps him make a wise 
choice of additional equipment as the need arises. 

Write us for literature giving further details on 
available equipment. 


161 


FASE COMPUTERS 


Mfd. by Berkeley Division, 
Beckman Instruments, Inc. 
Richmond 3, California 
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another unit in 
Foxboro’s exclusive 100% solid-state 
electronic Consotrol* system 


Simplest 
most 
reliable 
electronic 
recorder 





























yet! 





no amplifiers...no electrical adjustments 


The precision and speed of electronics ...plus the sim- 
plicity and reliability previously associated only with 
pneumatics. That's the new Foxboro M/64 electronic 
Consotrol recorder. 

The M/64 uses a powerful magnetic torque motor to 
operate pens directly from a high-level 10-50 ma d-c 
signal. There’s no amplification necessary—no slide- 
wire or rebalancing unit. 4-inch vertical strip chart 
gives full-scale readability of records. One and two- 
pen models available for semi-hazardous or non- 
hazardous service. 





The M/64 slides out of its housing like a drawer, 
so all servicing may be done from the front of the 
panel. Yet there is no interruption to recorder opera- 
tion! What's more, zero, span, and linearity are all 
simple mechanical adjustments, so familiar to pneu- 
matic instrument users. 

Write today for Bulletin 21-10. It describes the new 
M/64 Recorder in detail, as well as the many other 
advanced instruments in Foxboro’s complete 100% 
solid-state electronic control system. The Foxboro Com- 


pany, 347 Neponset Ave., Foxboro, Mass. 
*Reg. U.S. Pat. Off. 


FOXBORO 


REG. U.S. PAT 


ELECTRONIC CONSOTROL INSTRUMENTATION 


July 1959 


for every function 
in the control loop 
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MINIATURE 
VALVES 


501 
Series 






Valves shown 
14 Actual Size 


526 
Series 


RUGGED 


“BANTAM” 


THROTTLING CONTROL 


VALVES 


Compact throttling controls of the 501 series 
have. one-piece barstock bodies with screwed 
ends and are available with linear, equal per- 
centage or quick-opening plug characteristics. 
This series offers six operators, direct and 
reverse acting, including two with positioners. 


The 526 series includes 6 body styles in globe, 
angle and 3-way design— with screwed or 
flanged ends. Four bonnet types cover stand- 
ard, high or low temperature and packless 
applications. Six control operators are offered 
with up to 50 square-inch diaphragms. 





526 





Pressure 1000 


ikea milan 
1000 psi 
Rating (at (at 450° F) 
Temperature — —70°F to +450°F 
Rating +450°F (750° F with 
finned bonnet) 








Maximum Cv. 0.63 10.0 (1” 
connections) 

Lift 4” 7/16” 

SeatArea 0.038 $q. in. up to 0.601 





Connections Ye”, ¥4”, ¥2” 4” to 1” 
NPT ° 


1. Standard N.P.T. 
(others available) to 1” flanged 





Send for the BANTAM Catalog No. B-1 
and other technical data on 
Dah! pneumatic and hydraulic valves. 


George W. Dahl Company, Inc. 


oie) Tupel Street 


Bristol  aaneke n= amenne! 
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b- INSTRUMENTS AT WORK 


. - » Short stories about real applications 


Figure |. This is the 
way Vanguard Ill ac- 
tually looks in flight, 
silhouetted by blind- 
ing sunlight against 
the jet-black sky of 
space, and gently lit 
from below by 
“earthshine.” 





Big Job for Small Instrument 


One of the biggest tasks ever as- 
signed to a miniaturized (30 ounce) 
instrument, is measuring variations in 
magnetism over the whole earth’s area, 
as it circles the World in a Vanguard 
III satellite (Figure 1). Instrument is 
the “proton free-precession magneto- 
meter”, invented by Dr. R. H. Varian 
of Varian Associates, who built it. 


Sensor (Figure 2) consists of a 
wire coil immersed in liquid hexane. 
Hydrogen atom protons in this liquid 
spin like tiny bar magnets as they pre- 
cess through the earth’s magnetic field, 
inducing a current in the coil. Field 
strength is directly proportional to 
the frequency of the current induced 
by the spinning hydrogen nuclei. A 
precession magnetometer was selected 
because it works in any position, needs 
no calibration, and its output is easily 
telemetered back to earth. System au- 


Figure 2. Vanguard 
Il instruments. (1) 
magnetometer elec- 
tronics, (2) magnet- 
ometer sensing head, 
(3) receiver and 
telemeter. (4) bat- 
teries. 


tomatically takes up to 10 magnetic 
readings per minute. 


To reduce magnetic interference, 
this sensing coil is located at the tip 
of the 20-inch cylinder (Figure 1) 
as far as possible from the electronisms 
within the sphere, which were care- 
fully designed to minimize magnetic 
parts. The cylinder and sphere shell 
are of plastic to eliminate magnetism 
from eddy currents which would have 
been caused in a metal housing by 
rotation of the satellite. 


This magnetometer satellite will pro- 
vide clues to such puzzles as: What's 
the relation between sunspots and 
world-wide “magnetic” storms? Why 
are cosmic rays denser and stronger 
at the North and South Poles? Why 
do Northern and Southern Lights af- 
fect radios and compasses all over the 
world? 
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OPTIMUM 
PROCESS 
CONTROL 


with SIE analog 
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SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A Division of Dresser Industries, Inc. 
10201 Westheimer * P.O. Box 13058 * Houston 19, Tex 


no @ moving parts 
no @ vacuum tubes 
no @ contacts 





SIE CM-2 Analog Computers provide 
precise control in chemical, petrochemical, 
refining, and similar process applications, to 
a degree never before possible. Using this 
new concept, process variables are taken 
into account in adjusting set-points auto- 
matically to achieve optimum output yield. 


Using Magnetic Amplifiers and Tran- 
sistors CM-2 Series Computers have a 
trouble-free life expectancy in excess of 
100,000 hours, yet in a typical fractionator 
application now in operation, computer cost 
was less than $5000. 


Write for Brochure Describing Appli- 
cations in Feed-Ahead, Feed-Back, and 
Operator Guidance computations. SIE engi- 
neers will welcome the opportunity to dis- 
cuss the use of CM computers in your 
specialized process control applications. 
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ALLISON 
VARIABLE 


FILTERS 
Proved dependable 


in years of service* 


Allison Continuously Variable Passive 
Network Audio Frequency Filters have 
been in constant use for a wide range 
of laboratory and production applica- 
tions for nearly a decade. Their relia- 
bility through years of service and their 
high performance characteristics have 
led to improved operations and to the 
development of many valuable new 
applications. 


Allison Filters have no vacuum tubes; 
no power supply; a wide dynamic range; 
low level or high level operation; low 
pass, high pass, or band pass; and no 
ringing effect. 









ALLISON FILTER 


2B 
SPECIFICATIONS 





@ Frequency range from 60 cycles to 
20,160 cycles 


© Designed for use in 600 ohm circuit 
© Passive network © No power supply 


© Low loss — approximately 2 db in 
pass band 


© Plug-in or built-in input-output trans- 
formers available for other impedances 


@ Attenuation rate— 30 db per octave 

© Size—14” high, 7” deep, 5%” wide 

© Weight—16 pounds. Fully portable 

© Model 2BR, rack panel also available ¢ 


© Basic price for Model 2B— 
$345.00 F.0.B. 








Write for Engineering Bulletin with complete technical data. 


Allison Laboratories, inc. 


SK Allison Variable Filters have been used time and 
y 
14185 E&. SKYLINE DRIVE + LA PUENTE, CALIFORNIA 


time again by such firms as Armour Research Foun- 
dation of Illinois Institute of Technology, Chicago, 
Ill.; Aveo Manufacturing Corp., Lawrence, Mass.; and 
Bell Telephone Laboratories, Inc., New York. N. Y. 
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The economy cable, Type T Dekoron Multi- 

iA couple Cable consists of insulated, numbered and 

TYPE twisted wires covered with 90% closed No. 30 

cotton braid and outer sheath of .050” thick 105°C 

PVC. Moisture and chemically resistant; approved 

for direct burial. Can be installed without conduit, 
or with smaller conduit when necessary. 


TYPE A 


Same construction as Type T, above, except 
has outer covering of modified square lock galva- 
nized steel armor overall which shields cable, 
serves as conduit and provides crush resistance 
with great flexibility. 
















TYPE AT 


Type AT Dekoron Multicouple Cables in- 
corporate all advantages of Types A and T. 
Consists of armored Type A sheathed with .050” 
thick 105°C PVC. Moisture, chemical, and high 
crush resistance. Approved for direct burial or 
installation without conduit in open racks. 


fe [>) (Cy TN 
D[SIKO IO IN] 
MULTICOUPLE EXTENSION WIRE 


Dekoron multiple pair harness of thermocouple extension wire is 
available now in three constructions, each in either Iron-Constantan or 
Chrome-Alumel. All are guaranteed to meet or exceed ISA specs for 
standard grade extension wire. 


And — equally important — all are designed to drastically reduce 
thermocouple extension wire costs. Dekoron Multicouple Extension 
Wire reduces installation and maintenance time... often cuts initial 
material costs . . . always lowers installed costs. h-ssen 

















products QUALITY +» RESEARCH + SERVICE 


SANIUEL MOORE & COMPANY 


DEKORON PRODUCTS DIVISION e MANTUA, OHIO 
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Designed from inception for process control, Genesys 
advanced digital control computer systems provide 

many exclusive advantages with unprecedented 
economy. Knowledge of precise process dynamics is not 
required. You can optimize process operations using 
your present instrumentation. You get unmatched 
reliability through practical design, practical computer 
speed matched to the problem — thus fewer and only 
the most proven components. Genesys Systems deliver 
4,000 hours of continuous, non-stop operation between 


scheduled maintenance periods . . . dependability with Filling the void in practical digital control, 


this Unit Memory Processor (UMP) is the 





simplicity of oP tion at low = sips gre - heart of a Genesys Process Control System, 
steps forward in process and pipeline automation. uses the best combination of general purpose 
Write for “Evolution in Process Control.” ; and incremental computer techniques. 
GENESYS CORPORATION 10131 NATIONAL BLVD., LOS ANGELES 34. CALIFORNIA 
A Subsidiary of I (GHT AIRCRAFT 
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ARE IMPORTANT TO YOU 


Today the world is vitally concerned with the latest Soviet 
scientific developments. “Reach and Surpass America” is 
the theme of slogans and posters appearing over all of 


Russia. 


For the free world to retain its lead—to widen 


the gap—all of us must keep informed on the progress 
of Soviet technology. What we learn from the Russians 
through the translations of their technical reports, papers 
and meetings represents a valuable contribution to our 














Automation 


Remote Control 


——— ——- 











MEASUREMENT TECHNIQUES 
(Izmeritel’ naia Tekhnika)—Russian origi- 
nal published bi-monthly by the Committee 
of Standards, Measures and Measuring 
Instruments of the Council of Ministers, 
U.S.S.R. Of particular interest to all who 
are engaged in the study and application 
of fundamental measurement. 

U.S.-Canada, $20.00; Other Countries, $23.00 


Libraries of Non-Profit Academic Institutions 
U.S.-Canada, $10.00; Other Countries, $13.00 
Single Issues: $6.00 


AUTOMATION AND REMOTE 


CONTROL (Avtomatika i Telemekhani- 
ka)—Russian original published monthly 
by the Institute of Automation and Remote 
Control of the Academy of Science, 
U.S.S.R. Articles on all phases of auto- 
matic control theories and techniques. 
Canada, $30.00; Other Countries, $33.00 


Libraries of Non-Profit Academic Institutions 


$15.00; Other Countries, $18.00 


Single Issues: $6.00 


U Canada 


Subscribe to all 4 Soviet Journals and Save! 


General 


Libraries of Non-Profit 


Academic Institutions 


U.S.-Canada Other Countries 
$100.00 $112.00 

U.S.-Canada Other Countries 
$50.00 $62.0 





own scientific and technological advancements. The need 
to know impels us to stay informed. 

The Instrument Society of America under a grand-in-aid 
from the National Science Foundation offers authoritative 
English cover-to-cover translations of four leading Soviet 
Journals. Stay abreast of the latest achievements in Soviet 
instrumentation, measurement techniques and automatic 
control. Place your annual subscription now. 























TO ORDER 





INSTRUMENTS AND 
EXPERIMENTAL TECHNIQUES 
(Pribory i Tekhnika Eksperimenta)—Rus- 
sian original published bi-monthly by the 
Academy of Sciences, U.S.S.R. Articles re- 
late to function, construction, application 
and operation of instruments in various 
fields of experimentation 

U.S.-Canada, $25.00; Other Countries, $28.00 


Libraries of Non-Profit Academic Institutions 
Canada, $12.50; Other Countries, $15.50 
Single issues: $6.00 


INDUSTRIAL LABORATORY 
(Zavodskaya Laboratoriya)—Russian origi 
nal published monthly by the Ministry of 
Light Metals, U.S.S.R. Articles on instru- 
mentation for analytical chemistry and 
physical and mechanical methods of ma 
terial research and testing. 


U Canada, 35.00; Other Countries, $38.0( 
Libraries of Non-Profit Academic Institutions 
Canada, | Other Countries, 2 


Single Issues: $6.0 


Send money order, check or purchase order to 
Instrument Society of America, Translations Divi- 
sion, 313 Sixth Avenue, Pittsburgh 22, Pennsylvania. 
Indicate which journal or journals you want and 
soecify the year of issue. Both 1957 (Vol. 18) and 
1958 (Vol. 19) issues of Automation and Remote 
Control are available. All other journals listed are 
1958 Russian issues. 1959 copies of all 4 journals 
will be available in late 1959. Orders accepted now 
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~ AND &""4-WAY SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from %” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F’ to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 

And ASCO can supply you with standard, explosion- 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery... 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


Automatic Switch Co. 


52-H Hanover Road, Florham Park, New Jersey, FRonties 7-4600 
AUTOMATIC TRANSFER SWITCHES @ SOLENOID VALVES @ ELECTROMAGNFTIC CONTROL 
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What’s Ahead for Computer Control 


Computers for process control are too important to ignore. If they cannot be justified on the basis of 
economics, they can be justified for their contribution in finding out more about process dynamics, high speed 
data handling, logical system design, and fostering a new concept of automated processing. A. F. Sperry of Panel- 
lit summed it very well at the recent ISA Power Instrumentation Symposium, “The real question in computer 
control is not if, but when.” 


The concepts of process computer control are relatively ancient, while the hardware is relatively new. The 
high speed logic computer is a natural sequence following data-logging in the process control loop. More than 
30 companies are convinced that the process computer will be a profitable item. Many have invested millions 
of dollars in research, development, design, manufacture, customer education, and technical selling toward this 
end. Enough dollar-conscious user companies have spent almost equai time and money on dynamic analysis, 
systems engineering and engineering training to signal the trend in process control. A mad rush does not appear, 
because the sad memories of data loggers are still fresh in their minds. 





In its present form the computer is a refinement in process control and a supplement to conventional in- 
strumentation. It is an improvement in communication, logic and computation; it replaces the human element 
on the basis of speed and the ability to comprehend a multitude of details in a complex system. Operators and 
process engineers cannot assimilate the performance of a system, compare it with optimum criteria, and adjust 
the process variables fast enough to maintain optimum operation. The high speed electronic computer with 
its ability for data storage, logic, computation, and correlation can fill this gap. It does not replace conventional 
pneumatic, hydraulic, electric, and electronic controllers; rather it refines their ability to dynamically control. 
There is little doubt that the number one bottleneck in applying computers to process control is the analyti- 
cal work involved to describe and define the process. It requires intelligence of physical phenomena, logical 
thinking and, above all, attention to minute details. 


In a general sense, process computer control is an experimental project and is certain to change considerably 
as makers and user shake out the bugs, refine basic hardware, and better understand process dynamics. Initially 
more than enough hardware will be used to be safe and to properly experiment. Eventually computers of various 
capabilities and complexity will evolve and seek their appropriate level of application. The success of this new 
venture into instrumentation requires considerable cooperation between maker and user. The successful maker 
will offer abundant customer service and product training. Furthermore, the successful maker will convince the 
user that this service is essential and justified on the basis of its prime importance to successful operation of 
the system. 


It is quite evident that many process engineers and instrument engineers have a “fuzzy” notion about elec- 
tronic computers and their application to process control. Management of industrial firms using instrumen- 
tation have a prime responsibility to see that their engineering personnel learn the fundamentals of electronic 
computers. They can then at least intelligently talk with makers, and determine if there are valid reasons to 
consider computer control in general and any one computer in particular. 





In preparing the special report in this issue on the status of process computer control, space limitations did 
not permit a discussion of data handling and logging equipment as such is not considered. However, the rela- 
tionship cannot be overemphasized. Many users are buying sophisticated data reduction systems with the intent 
to later use them for control, with the necessary addition of very little equipment. 


Cie ad G 


Editor 
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PROCESS COMPUTER CONTROL Qa 


Process Computer Control Concepts 


“Off-Line” Operating Guides 


“On-Line” Operating Guides 


Automatic Optimization by Mathematical Model and Direct Experimentation 


Sampling in Digital Control Loops 


by Arthur Freilich (1SA Member) 
Burroughs Corv., Research Center 


Paoli, Pennsylvania 


WE ARE, AT PRESENT, in the early stages of com- 
puter process control. In 1954, the first widespread use 
of digital techniques appeared in the petroleum and 
chemical industries in the form of the data logger. The 
primary function of these devices is to convert analog 
measurements into more concisely recorded digital data; 
in addition, loggers perform other functions such as flow 
integration, alarm scanning, and relatively simple cal- 
culations for mass flow. The literature contains many 
articles on the virtues and faults of data loggers. Cer- 
tainly, in applications such as pilot plants where the end 
product of the operation is data, the logger is an econ- 
omically justifiable device. However, the general re- 
sults of process installations seem to indicate that in 
operating units, the data logger cannot be justified on 
the basis of economics, except in unusual cases. 

Why is this true? Basically, the benefits of the data 
logger in a process unit are of a fringe nature. The 
logger does not appear in the control loop, either di- 
rectly or through the human operator, except to the 
same extent that a conventional recorder would. The 
logger does not affect the unit throughput; it is an ad- 
junct to the already well instrumented control room. 

The use of the data loggers has, however, been an 
important step in the advent of control computers. The 
data loggers introduced data handling techniques, both 
analog and digital, to the field of process control. The 
economic evaluations of data loggers showed possible 
uses for computing devices which could affect through- 
put and improve efficiency, quality or yield. 
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Computer As An Experimental Controller 


The initial concept for a computer in the control loop 
was the on-line calculation of operating guides. 


Operating Guide Calculations 


Consider the flow of information around a process unit 
with a data logger in the control room, as shown in 
Figure 1. The process is controlled by the instruments 
on the graphic panel. The operator receives information 
from the instruments and the logger and uses these 
data to supervise the control system and reset the instru- 
ment control points. The operator bases his decisions on 
the primary process variables such as temperature, pres- 
sure, flow and level. Combining this with his past ex- 
perience, judgement and operating instructions, he sets 
the controllers to produce a specified product at a cer- 
tain production rate. 

Accounting supervision of the process is an “off-line” 
operation and provides data to define controller set- 
tings for minimum operating costs, responsive to the 
dictates of overall plant operation. By “off-line”, we 
mean that the input data does not enter the computer 
immediately but is stored and then processed in the 
computer at a later time. In Figure 1, the daily sum- 
mary of operations produced by the logger is trans- 
ferred to a central computer where, at some future time, 
the secondary process variables are calculated, based on 
the averaged daily information. These secondary vari- 
ables are such quantities as yields, efficiencies and heat 
and material balances. The secondary variables or op- 
erating guides are not directly measurable but, must be 
calculated from the primary measurements. The results 
of the calculations are then used to generate changes 
in process operation to reflect production scheduling 
and process engineering changes. These changes are 
later relayed to the operator and eventually appear as 
changes in the controller set points. 
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The concept of “on-line” calculation of operating 
guides as shown in Figure 2 is based on presenting the 
secondary variables to the operator in real-time, that is, 
in time to use these data to change process operation to 
reflect changes in the secondary characteristics. Actual- 
ly, it is the secondary characteristics that are controlled 
by holding the primary variables at fixed values. But 
since in the past, it was impossible to calculate the sec- 
ondary variables in real-time, it was necessary to con- 
trol almost exclusively from the primary variables. 

Figure 2 shows the incorporation of a small digital 
computer in the control room. ( Although digital tech- 
niques are indicated in this figure, the same concept 
applies equally well to analog techniques.) The com- 
puter is “on-line,” that is, input data enter the com- 
puter directly from the process or source of data. The 
process measurements are fed into the computer and 
the operator receives periodic data not only on the 
temperatures, pressures and flows but also on the heat 
balances, material balances, catalyst consumption rates, 
yields, and other operating guides. He utilizes this in- 
formation immediately in resetting the control points 
of the instruments on the board. There is still the “off- 
line” feedback of scheduling information, but the oper- 
ating guides are now utilized in the supervisory control 
loop which is closed, in real-time, through the operator. 

The advantages of on-line operating guide calcula- 
tions, it is hoped, will be improved yields, efficiencies 
and product quality, through constant monitoring of the 
secondary variables. Time variations in the process, such 
as heat exchanger fouling and catalyst activity changes, 
can be detected and compensated for by the operator. 
Yields can be maintained at a high level at all times, 
rather than at an average level over a long period. 
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Early On-Line Operating Guide Experiments 


The initial experiment in calculating operating guides 
on-line for a continuous process was performed early 
in 1956, by engineers from DuPont and Burroughs Cor- 
poration. In this experiment, a chemical process in the 
Electrochemical Department of DuPont at Niagara Falls, 
N.Y. was linked, via telephone line transmission, to a 
general-purpose digital computer in Philadelphia, where 
calculations of the operating guides were made. Approx- 
imately ten primary measurements were transmitted, 
and the calculations were used to determine the yield, 
yield rate, production rate and material balances and 
losses for the process. This was a temporary installation, 
designed to determine experimentally whether or not 
such “on-line” operation was feasible from the stand- 
point of process operation. It was the first time, as far 
as is known, that a digital computer was operated in 
real-time with a chemical process. 


Shortly after, in August, 1956, a somewhat different 
application was handled in the same manner. In this 
case, a Bailey DATAK logger was installed on a new 
boiler at the West Penn Power Company, near Picts- 
burgh, Pennsylvania. The logger measured the boiler 
variables during start-up of the plant. The data was 
then transmitted by teletype to Babcock & Wilcox’s 
New York office where a Burroughs Datatron computer 
was used to calculate boiler test data. These data includ- 
ed such factors as boiler efficiency, gas temperatures, 
heat absorptions, and overall conductances. The data 
were transmitted back to the boiler site within one hour. 
In less than one month, 322 tests runs were made. It was 
apparent that variations in the secondary variables could 
be detected with measuring instruments of commercial 
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Figure 2. Flow diagram of a process using 
conventional control instrumentation, op- 
erating guides through a computer in real- 
time, plus additional instructions through 
an "off-line" computer. 


quality. In addition, the elimination of aver- 
aging over long time periods produced useful 
short time data. Here again, the installation 
was a temporary one. 


Recent Installations, Operating Guides 


The first permanent installation of an 
“on-line” computer for calculating process 
operating guides was made by Leeds & Northrup and 
Esso at Esso's Baton Rouge refinery. Here, an L & N 
analog-to-digital conversion system is linked to a Royal 
Precision LGP-30 digital computer installed in the con- 
trol room area. Approximately 160 primary measure- 
ments of temperatures, pressures, flows and other vari- 
ables on a catalytic cracker are scanned, measured and 
digitized at the rate of one point per second. In addition 
to reading out scaled results for these 160 primary vari- 
ables, the computer also calculates about 30 operating 
guides which are pcinted out for the operator. 

This system has been operating on-line, 24 hours a 
day since June 23, 1958. As of September, 1958, the 
average time between equipment failures had been 2.5 
weeks. The LGP-30 computer is a vacuum tube ma- 
chine, with no tube failures up to that time. 

It is hoped that this installation will be justified on 
the basis of operating the process nearer the optimum 
economic conditions, with near maximum feed rate, fast- 
er recovery from upsets and more efficient stripping of 
the hydrocarbon from the catalyst. Early experience with 
the installation indicates that economic justification may 
be realized although it is too early, as yet, for definite 
conclusions. 

A smaller scale installation utilizing an analog com- 
puter was made at about the same time on a fraction- 
ating tower at Humble Oil. The analog computer is the 
CM-2 produced by Southwestern Industrial Electronics 
Co. This computer originally accepted analog signals 
from the primary sensors on the tower, as shown in 
Figure 3 and calculated from these readings the tower 
efficiency, which is displayed on a dial for the oper- 
ator’s use in adjusting the tower. It has been operating 
on closed loop control of the tower since December 
1958. Here again, it is hoped that justification will be 
derived from increased efficiency of plant operation. 

A discussion of various other computer installatiors 
will be found on page 66 of this report. 
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Is the Concept Valid? 

It appears that we are on the brink of proving or dis- 
proving the concept of operating guide calculations. 
Some of the questions which have to be answered are: 

1. Will the operator be able to utilize the secondary 
variables in adjusting the controllers? 

2. Will such data actually increase the economic yield 
from a unit? 

3. Can all the necessary measurements, particularly 
product quality values, be made at present? 

i. Do the advantages derived from the on-line com- 
puter exceed the advantages which could be gained 
by utilizing the same capital investment in other 
ways, such as improved process equipment? 

The operating guide concept has certain system fea- 

tures which are likely to increase its chances of success. 


























Figure 3. Diagram of Southwestern Industrial Elec- 
tronics analog computer installed on Humble frac- 
tionating tower to provide tower performance index 
readings. (See ISAJ, April '59, page 56.) 
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For example, since the computer operates in a supervis- 
ory manner, linked to the controllers through the oper- 
ator, computer failure will not cause plant shutdown. 
The process will be no worse off with computer shut- 
down than it is under normal operations today. The 
judgement of the human operator will still be avail- 
able, supplemented with the data provided by the com- 
puter. Unusual situations will still be handled by the 
operator without special programs for the computer. 


Automatic Optimization 


In the concept of automatic optimization, the com- 
puter is linked directly to the process controller set 
po.nts and repositions these set points to automatically 
maintain optimum operation. Although the operator is 
still required to handle unusual situations which are 
outside the scope of the computer program, the com- 
puter operates in a closed-loop supervisory capacity 
most of the time. A diagram of such a system is shown 
in Figure 4. 

The computer accepts inputs concerning the process 
operation and also receives information on factors such 
as desired production rates. It continuously monitors the 
process to insure that all variables are held at the values 
which will result in optimum unit performance, in ac- 
cordance with predetermined criteria. The computer 
takes into account the required production rates, the op- 
erating characteristics of the unit, the cost data for the 
unit and the time variations in operating characteristics. 

The output of the computer is linked to the set points 
of conventional analog controllers. These controllers 
then function in the normal manner, controlling indivi- 
dual loops at fixed values. The computer, however, has 
taken the place of the operator during normal plant 
operation, resetting control points as required. Some of 





the installations for “on-line” operating guide calcula- 
tions are capable of automatically positioning set points 
as soon as the necessary operating data and operating 
confidence are established. 

There are several problems in applying automatic op- 
timization. Since the computer must position the set 
points of the primary variables based upon the secondary 
variables which it calculates, the relationships between 
the primary and secondary variables must somehow be 
established. Although this lack of knowledge concerning 
process relationships was often cited as a major obstacle 
in the past, it is generally agreed by process engineers 
that the necessary knowledge is available or can be de- 
termined. Many of the presently planned installations of 
“on-line” computers are designed to yield data concern- 
ing the process relationships, on which to base optimiz- 
ing control in the future. 

The problems inherent in closed loop operation must 
be considered also. One difficulty stems from the fact 
that many processes exhibit large time lags. Automatic 
optimization under these circumstances is difficult if 
instability is to be avoided. In addition, fast, accurate 
analytical instruments are required to provide data on 
product quality and endpoint conditions. Primary ele- 
ments will have to be accurate enough to permit the 
computer to recognize and evaluate small changes. 

The links between the controllers and the computer 
can be designed to “fail safe,” so that computer shut- 
down will merely leave the process at the last set of 
operating conditions. The availability of the operator, 
to override during unusual conditions or computer 
maintenance time, makes this system feasible from the 
standpoint of the reliability of existing hardware. 


Optimization by Mathematical Model 


One approach to automatic optimization is to use the 
computer to solve the equations relating the measured 
variables to the secondary characteristics. This type of 
optimization is also known as predictive control. From 
the measured primary variables, the computer calculates 
the secondary characteristics or other control criteria. 
Then, it relates these factors in accordance with fixed 
mathematical expressions to determine the corrections 
for the controller settings. 

When the computer is used in this manner, the re- 
lationships of the process must be established clearly, 
and the process must be studied with care. 

Either an analog or a digital computer could be util- 
ized to mechanize such an approach. Since the process 
is controlled dynamically by the instruments, the optimi- 
zation routine of the computer remains in the super- 
visory control loop and places no heavy time burden on 
the computer operation. This permits time-sharing the 
computer among several problems without need for 
high-speed computing. The various techniques of this 
method of optimization are described in detail in the 
article by Lefkowitz and Eckman, Case Institute, on 
page 74. 

One interesting aspect of the work at Case is the 
study of optimizing systems where the characteristics of 
the process are not known in detail. An attempt will be 
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Figure 5. Comparative diagrams for a process control system employing continuous 
analog signals and one employing a digital controller using sampled data input. 


made to determine whether a digital computer can be 
self-checking in the sense that it will change the as- 
sumed mathematical relationships which define the pro- 
cess in order to force the mathematical model to agree 
with the actual process. This is a very important con- 
cept since it means that, if successful, optimizing control 
may be feasible where the system is too complex for 
complete definition or where some of the necessary 
measurements cannot be made industrially. The concept 
of a control system which changes its mathematical 
model or its control parameters based on changes in the 
system being controlled is known as “adaptive control.” 
Adaptive control techniques are being studied at length 
for possible military and industrial applications. 

There are several installations, in addition to the 
SIE analog computer at Humble Oil which operate in 
this automatic optimization mode. One installation is at 
Texas Co., in Port Arthur where a Thompson-Ramo- 
Wooldridge RW-300 digital computer is used. The arti- 
cle on page 70 discusses two techniques for developing 
the mathematical model for such installations. 


Optimization by Direct Experimentation 
Another approach to the optimization problem is to 


use the computer as an automatic experimenter. The | 


computer receives primary measurements, calculates 
secondary characteristics, changes one or more primary 
variables to determine how the changes affect second- 
ary characteristics and continues this procedure until 
optimum conditions were attained. 

Where more than two variables are involved in this 
procedure of “bumping” the process, choice of the 
computer is restricted almost completely to the digital 
type, since the experimental procedures become com- 
plex, and must be varied according to the previous re- 
sults. However, as mentioned previously, the time con- 
stants of many processes are measured in hours. This 
can seriously impair the “bumping” technique, since the 
results of a single perturbation may not be felt for long 
periods, during which time uncontrolled variables may 
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affect the system. Another difficulty is introduced in 
systems where large numbers of variables are involved, 
making the experimentation extremely slow. 

There are advantages to automatic experimentation 
One of these is that the relationships of the process are 
not required beforehand but emerge as a result of the 
experimentation. 

One mechanization of the automatic experimentation 
approach is the Westinghouse OPCON controller. This 
device, which has been used in manufacturing operations 
at Westinghouse and on the optimization of a chem- 
ical process at Dow Chemical Co. will soon be installed 
on a fractionating tower at Sun Oil Co. The computer 
is described in the article on page 78. 


Sampling in Digital Control Loops 


Digital computers are being utilized for closed loop 
supervisory control in installations being made now. In 
the future it is possible that computers will replace, in 
some cases, the individual control instruments and take 
over the dynamic control of the process. 

Some chemical processes being considered, such as 
high speed flow reactors, will probably require ex- 
tremely fast-response controllers, of a speed unattain- 
able with present conventional instruments. The use of 
parallel, high speed, digital techniques may offer a solu- 
tion to these control problems. 

However, the effect of sampling which is introduced 
by a digital element in a control loop is a factor which 
must be considered not only in dynamic closed loop 
systems where the computer replaces the individual con- 
trol instruments but also in supervisory control systems 
where a computer periodically resets the control points. 

Referring to Figure 5, in a continuous control loop 
such as System A, the controller output varies contin- 
uously based on the error signal (the difference be- 
tween the measured variable and the set point). How- 
ever, where sampling is introduced, as in System B, 
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the controller receives intermittent information on the 
error. In Figure 6 the smooth error signal which ap- 
pears in a continuous controller is shown for a first or- 
der system subjected to a step change in the set point. 
However, if a digital controller is placed in the loop, 
and a sampling and holding circuit such as an analog- 
to-digital converter is used to feed the error signal to 
the controller, the error signal appears as a “staircase” 
as seen in the Figure 6. As far as the controller is con- 
cerned, the error is a series of steps and between sam- 
ples, the error remains at a constant value. 

The effect of sampling depends, of course, on the 
speed of sampling relative to the time constants of the 
controlled system. At extremely high sampling rates, the 
effects of sampling will be negligible since the sampled 
error will approximate very closely the continuous error 
curve. However, it is obvious that the higher the samp- 
ling speed, the faster is the computer that is required 
and the fewer the number of control loops among which 
the computer can be shared or multiplexed. 

Figure 7 shows the effect of reducing the sampling 
rate in a control loop. Curve A shows the error signal 
in a first order system subjected to a step change in set 
point with continuous control action. The controller in 
this case has only proportional control action; there is 
no reset (integral control) or rate control (derivative 
control ). 

Curves B, C, and D show the response of the same 
system with a sampled controller with the same pro- 
portional band setting, but with varying sampling rates. 
As the sampling rate is decreased, the system becomes 
increasingly unstable. 

(The curves in Figures 6 and 7 are the control re- 
sponses generated by an analog computer simulation 
of the sampled data digital controller and the continu- 
ous analog system shown in Figure 5B.) 

In addition to the effect of sampling of the input 
there are similar undesirable effects due to sampling at 
the output through the digital-to-analog converter 
and due to delays introduced by the fimite time re- 
quired by the computer to carry out the necessary con- 
trol computations. 

In order to reduce the required sampling speeds 
without degrading the response of the system, it is nec- 
essary to utilize different forms of control in the digital 
controller than in the continuous controller. Fortun- 
ately, in supervisory coatrol loops, the time constants 
of the process are measured in minutes and hours and 
therefore, the sampling and computing speeds which 
are required in resetting control points for optimization 
are not restrictive for digital computers. In control loops 
where conventional controllers are replaced by the com- 
puter, the computing speeds become economically un- 
feasible for most installations unless sophisticated control 
computations are used. Where such control computations 
are used, however, the response of the sampled con- 
trol system can often be improved to a point not attain- 
able with continuous analog control. 

The studies which are being made today in sampled 
data control for both military and industrial applica- 
tions are designed to solve the problems inherent in the 





digital control loop and obtain the advantages of sam- 
pled controllers. 


The Computer as an Experimental Control System 


Some of the more common concepts of process com- 
puter control have been outlined. However, these con- 
cepts, particularly as they relate to complex computing 
installations for process control, are not universally ac- 
cepted. 

One user in particular, the Sun Oil Co., questions the 
need for the complex, flexible, on-line computer in most 
applicatons. Sun Oil is at present engaged in a review 
of all its manufacturing operations, aimed at improving 
efficiency. Improved process control is just one phase 
of this endeavor; computers in process control are con- 
sidered as an even narrower subdivision of improved 
process control. 

This philosophy has led to a three step approach at 
Sun Oil: 

1. Arrange to measure the significant process vari- 

ables. 

2. Find the mathematical expressions which define 

the best economic operating conditions for each 

process. 
. Establish the means for maintaining these condi- 
tions. 

On-line computers would be required only in step 
three, and then not in all cases. Sun Oil feels that in 
many cases, extremely simple mechanisms may be used 
to accomplish the best economic control although in 
some cases, elaborate computing schemes may be nec- 
essary. 

However Sun Oil feels that in one area, the computer 
holds an important place. This is the use of small, trans- 
portable digital computers as experimental process con- 
trollers. Such a computer could be used to simulate a va- 
riety of process control systems. When the “best” kind 
of control has been determined, a permanent control sys- 
tem of this type would be installed and the flexible, ex- 
perimental computer used for other studies. 

Sun Oil has started a program based on this ap- 
proach. They plan on experimentally controlling a dis- 
tillation column with several different computers. The 
tower separates a mixture of normal butane and iso- 
butane with a charge rate of about 200 barrels per 


we 


® . . . . . 
hour. The tower is a full size refinery unit in commer- 


cial service but equipped with special measurement and 
control facilities. The feed, overhead and bottoms are 
equipped with gas chromatographs — two designed 
by Sun Oil, one by Perkin-Elmer. Other special meas- 
uring devices, designed by Sun Oil, are also installed on 
the tower. In addition, temperatures and compositions 
can be measuerd on alternate trays and feed composi- 
tion can be varied. 

Initially, this tower will be run under a variety of 
conditions to determine the static and dynamic charac- 
teristics. This will involve the collection and analysis of 
considerable data. 

Next, Sun Oil plans to use a Litton-80 Digital Differ- 
ential Analyzer as a control computer. Special input- 


ISA Journal 






































Figure 6. Oscilloscope view of a simulated con- 
trol system error signal. The smooth curve is the 
error signal with a continuous analog controller. 
The “staircase” lines are error signals when using 
a sampled data and digital controller. As 
far as the controller is concerned, the error is a 
series of steps and betwsen samples the error re- 
mains at a constant value. 


output equipment will link the DDA computer to the 
process and to the set points of the controllers on the 
tower. 

A third series of experiments will employ a Westing- 
house OPCON Optimizing Control Computer specially 
assembled for this purpose. OPCON will experimentally 
manipulate control valves to produce the most economic 
operation. From these experiments, Sun Oil hopes to 
evolve a better control system for its particular tower 
and others like it. 

Although the overall concepts of the Sun Oil philo- 
sophy do not conflict with the basic concepts discussed 
previously, the important difference lies in the idea 
that the computer will be used primarily for experimen- 
tatio:.. Once the “optimum” control system is deter- 
mined, the computers will be replaced with the simplest 
possible mechanization required to do the job. If operat- 
ing guides are required, for example, a rather ele- 
mentary type of computer might be used for the spe- 
cific computation needed. Automatic optimizing would 
be done by special purpose units arranged for the spe- 
cific logic required for the particular installations. 

Another study program is also being undertaken by 
Sun Oil Co., in cooperation with Genesys Corp. The 
philosophy of the Genesys computer control system em- 
braces the concept of a flexible computer for experi- 
mental purposes which can then be replaced by a less 
costly fixed-program computer to mechanize the func- 
tions found necessary during the experimental phase. 
The flexible computer can then be utilized in the study 
of other processes. 
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Figure 7. neyo view of a y taonte control 
system error signal in response to decreasing samp- 
ling rates. segs & ‘ler | error _ with con- 
tinuous analog controller (proportional response 
with step change in set point. Curves B, C's " 
show increased instability of same system with a 
sampled data controller (same settings) as samp- 
ling rate is decreased. 


The joint Genesys-Sun Oil program will cover the 
study of the performance of a catalytic cracking unit at 
Sun. Based on the results of studies of the unit's per- 
formance, with heavy reliance on stream analyzers for 
the investigation, it is hoped to evolve specifications for 
a suitable computer control system. 
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Available Computers 


and What They Do 


THE MOST SIGNIFICANT CHANGE in the status 
of process computer control during the last 18 months 
is the increase in commercially available hardware. Con- 
cepts have not changed much. But for the first time 
there are several control computers available, and many 
manufacturers are on the verge of announcing new 
equipment. At present there are three general classes 
of computers available: 


By Arthur Freilich (ISA Member) 


Burroughs Corp., Research Center, Paoli, Pennsylvania 


(1) General Purpose Logic Digital (G.P.) 
(2) Analog Computers 


(3) Incremental Digital Computers 


In this section we will discuss each of these com- 
puters — how they operate, what they do, and equip- 
ment available. 


GENERAL PURPOSE DIGITAL COMPUTERS 


Through common usage, the term “general purpose” or 
G.P. Digital Computer has become the generic name 
for a class of computers which operates on the prin- 
ciple of integral transfer; that is, digital data is pro- 
cessed through the computer based upon the entire nu- 
merical value of the quantity. This distinguishes the 
general purpose computer from the incremental trans- 
fer computer. The digital differential analyzer is an ex- 
ample of an incremental machine. The general purpose 
computer is defined in terms of its internal logic rather 


than its general applicability. Because of its flexibility . 


and ability to perform logical functions, the general 
purpose digital computer is extremely valuable in a 
control system. Its logic permits it to perform all arith- 
metic functions such as addition, subtraction, multipli- 
cation, and division. It can compare quantities, make 
logical decisions based on results of comparisons, vary 
its sequence of operation as a result of its own deci- 
sions, and detect its own failures plus those of com- 
ponents in the system. The G.P. digital computer can 
perform many other functions and operations such as 
shifting numbers to right or left and extracting spe- 
cific digits from a number. 
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The general purpose digital computer is more accur- 
ate and more flexible than analog computers but re- 
quires a larger outlay of initial capital since it is not 
modular in construction as far as computational abil- 
ity is concrned. Therefore, the analog computer holds 
an advantage in the smaller installation; the general- 
purpose digital machine is more powerful and more 
economical in larger systems. 

In terms of speed, the general-purpose digital com- 
puter is relatively slow, with a frequency response of 
less than 5 to 10 cycles per second for most serial 
computers. However, since it operates on the entire nu- 
merical value and can have a completely different 
program for different inputs, the general-purpose 
digital computer is well-suited to multiplexed systems 
where the computer is time-shared among many varied 
inputs. Present investigations into sophisticated routines 
for control may increase the frequency response of G.P. 
digital computers by a considerable factor. 

Figure 1 is a block diagram of the basic elements 
in a general-purpose digital computer showing the flow 
of information. Figure 2 is a more detailed block dia- 
gram showing major components and their functions. 
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Figure 1. Information flow. 


(1) Input. Supplies data in digital 
form to the computer. Typical inputs 
are keyboard, magnetic tape reader, 
paper tape reader, analog-to-digital 
converter, switches. 


(2) Memory. Storage place within 
machine. Stored data includes prob- 
lem to be solved, inputs for problem, 
constants and other values for prob- 
lem, program, intermediate results, 


-and final results. Memory is buf- 


fer between high-speed computer 
and slow input-output units; syn- 
chronizes operations, and permits 
better computer utilization. Magnetic 
drum, magnetic cores, or magnetic 
disc used as memory. Data stored as 
words (consisting of digits) in spe- 
cific location, defined as address. 
Drum rotates with magnetic tracks 
under stationary read and record 
heads. Revolution time is known as 
access time, usually runs 8 millisec- 


FUNCTIONS OF A GENERAL PURPOSE DIGITAL COMPUTER 


onds, and can represent an apprecia- 
ble factor in computation time. Cir- 
culating registers provide faster ac- 
cess time. Drum memories inexpen- 
sive compared to core memories. Disc 
memories similar to drum except da- 
ta stored on flat magnetic disc. Core 
consists of matrix; for writing the 
core is driven to desired state of 
magnetism; for reading this magne- 
tism is sensed. Data addressed by 
wires representing x, y and z co- 
ordinates in the matrix. Core access 
time is millionths of a second. 


(3) Arithmetic Unit. Performs addi- 
tion, subtraction, logical functions, 
and others in succession on digits 
(serial machine) or simultaneously 
on all digits in a word (parallel 
machine). Operations necessitate 
numbers be read into unit, stored, 
read out to other parts of computer, 
and manipulated such as shift right 
or left. 
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(4) Output. Path for data out of 
computer. Common output units are:- 
typewriters, printers, digital-to-an- 
alog converters, digital displays, 
magnetic tape and punched tape. 

(5) Control. Synchronizes all opera- 
tions in computer. Sequence perform- 
ed according to series of instructions 
(program) stored in memory by pro- 
gramer. Control unit interprets in- 
structions, controls input and output 
units, transfer of data, and all cal- 
culations. Most general purpose 
computers store program internally 
in memory unit, permitting comput- 
er to modify the program is required 
and self-check itself and all inputs. 


























Figure 2. Functional diagram. 


(1) Input Switching Unit. Analog 
signals from primary elements and 
transducers are coverted into com- 
patible electrical signals before be- 
ing switched into the system. 
Switching unit is a multiplexing de- 
vice which selectively connects any 
one input to the analog-to-digital 
converter. Selection is under control 
of the computer; need not be se- 
quential but can be random, permit- 
ting sampling of critical inputs at 
more frequent intervals or varying 
the input program during unusual 
conditions. 


(2) Analog To Digital Converters. 
Selected analog inputs converted in- 


culate operating guide information 
and determine the secondary charac- 
teristics in real-time. (c) Analysis of 
process operation and dynamics, and 
updating of the mathematical model 
of the process. Computer can also 
perform correlation studies to deter- 
mine effects of variables on process 
behavior. (d) The computer calcu- 
lates the desired set points for the 
process controllers, based on input 
data and equations in memory. 


(7) Program Input. This is the means 
for loading the computer program 
into the machine and for making 
changes in the program. Input us- 
ually consists of typewriter for pre- 
paring the program on punched tape 
and a tape reader for introducing 


(8) Alarm Annunciator and Printout. 
Data can be displayed on conven- 
tional annunciators and also record- 
ed digitally on typewriters or tape 
printers, under computer control. 
(9) Logging Devices. Digital output 
devices for recording process oper- 
ating data, results of process analy- 
sis, and operator instructions gener- 
ated by the computer; operates un- 
der control of the computer. 

(10) Digital to Analog Converter. 
Since most present controller set 
point mechanisms accept analog sig- 
nals, the computer digital output is 
converted to analog form. 

(11) Output Switching. Analog set 
points are sent to controllers by 
means of this unit under control of 



































































































































to digital codes and entered into the gata into the computer. the computer. 
computer, generally through a buf- ; 
fering section in the computer. pak oe - 
(3) Digital Input Selection. Digital Mut | Fes Sem | COMPUTER pet. || 
inputs can originate from digital] PROCESS ? 
transducers, manually set switches ' 2 | ALARM DETECTION }x 
or A/D converters on individual an- A o 
alog channels. Any of the digital in- — — 
puts can be read when required by ee oe > COMPUTA DATA Seek 
the program. | SELECTION t OSPLAY l 
(4) Digital Clock. Provides time-of- S | Fit} 
day readings in digital form as a a 
real-time reference for the computer. ANALYSIS — we | 
(5) Control Panel. The means for == ° 
manually controlling the computer 4 uTROL- Raabe” 
and manually feeding input data. coe _ 
(6) G.P. Digital Computer. The prin- = POINTS 10 
cipal functions of the computer are: [ geugree |} 
(a) Alarm detection for critical : ] ‘ Swrtoowe 
trends and references generated by ad - 
the computer based on changing pro- 
cess conditions. (b) Operating com- | PROGRAM wPUT | TO CONTROLLER 
putations on process inputs to cal- 7 aoe 

al July 1959, Vol. 6, No. 7 55 























54 


56 





READ IN 
INPUT 16 





SCALE INPUT 
(ax+ b) 














DOES 18 EXCEED \_ YES 




















LIMIT ? ae 7 
'y a =] 











CONTINUE PROGRAM 











Figure 3. 


Operation of a G.P. Digital Computer 

Perhaps one of the best ways to illustrate the opera- 
tion of a general purpose digital computer is to explain 
programing of a simple calculation such as: 

(1) Read in the value of pressure input 18 and store 

(2) Scale the pressure signal. 


(3) Determine whether the pressure exceeds a pre- 
determined safe limit. If it does, print out the 
data, then read in input 19. If 18 does not exceed 
safe limit, read in input 19 immediately. 

A block diagram ( Figure 3), known as a flow diagram, 
is a graphical statement for this calculation. It illus- 
trates immediately a very important feature of the com- 
puter: the ability to change its program depending on 
the results of logical decisions which it makes. In this 
case the computer takes one of two alternate paths de- 
pending upon whether or not 18 exceeds the safe limit. 

It is the job of the programer to translate the flow 
diagram into computer language, or a sequence of 
steps in which each step consists of a single instruction 
for the computer. 

For the instruction ADD, it is necessary to tell the 
computer what numbers to add, where to get the num- 
bers and what to do with the results. Some of this logic 
is built into the computer, and some is dependent on 
the program. In a typical computer, the ADD instruc- 
tion may sequence the computer through the following 
sub-steps: (1) obtain one number from a location in 
memory specified in the instruction. (2) add this num- 
ber to the number already in the accumulator. (3) put 
the result of the addition in the accumulator. The pro- 
gramer must insure that one of the two add numbers is 
already in the accumulator prior to this instruction. 
He then specifies the memory location for the second 
number. The result of the addition is in the accumu- 
lator at the end of this program step and the programer 
must then take this into account in writing the next 
step of his program 

Various types of instructions are used. The simplest 
type is the single address instruction where the pro- 
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gtamer specifies the function to be performed and a 
single memory address. Each function (ADD, DIVIDE, 
SHIFT LEFT, COMPARE, ETC.) is assigned a numer- 
ical designation which the control section of the com- 
puter interprets prior to sequencing the computer 
through the required steps. A counter in the control 
units keeps track of the instructions and supplies the 
computer with the address of the next instruction. The 
instructions are taken in numerical sequence, based on 
the address of the instruction, with the counter furnish- 
ing the address of the next instruction. 

In a double address machine, the instruction gener- 
ally specifies the operation, the location in memory of 
the data to be operated upon, and the location of the 
next instruction. This particular double address instruc- 
tion format is know as (1+1) and permits locating 
the next instruction on a drum or disc memory so that 
access or waiting time between instructions is reduced 
to a minimum (optimum coding or minimum access 
program ). 

Instructions stored in the computer must conform to 
the format of digital data. Normally, a G.P. computer 
has a fixed word length, ie. each stored information 
unit consists of a fixed number of digits. Assume a 
word length of 10 decimal digits, then it would be 
possible to store, in one memory location, a 9 digit 
number plus the sign of the number (+ or —). 

The same 10 digits, when containing an instruction, 
could have the following format: 












































Oo;O0;0;0 
\ v . - * v _* ~v- 4 
FUNCTION NOT USED ADDRESS A ASSOCIATED 
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Such a format would permit specifying any one of 
100 instructions, designated as 00 to 99, and any one of 
10,000 memory locations or addresses, ranging from 
0000 to 9999. 

Let us assume a single address machine with the in- 
structions shown in Table 1. These instructions are a 
very small part of the repertoire of instructions nor- 
mally used in a computer. Note that the address portion 
A of the instruction has various meanings depending 
upon the instruction involved. 

How would we write the program to carry out the 
calculation in Figure 3? The first step is to read in 
input 18 by placing, as our first instruction, the input 
command: 32 0000 0018. This command is the first 
memory instruction, and. stored in location 0000. The 
desired input (18) is now in the accumulator. 

We now wish to scale this value by means of the 
equation: y=ax-+6 where x is the value of the input 
now in the accumulator and a and 6 are constants 
which we will assume are stored in addresses 4098 
and 6792 respectively. If we now give, as our second 
instruction, stored in location 0001, the following MULT 
command: 24 0000 4098 we will perform the multipli- 
cation ax, and leave this result in the accumulator. 
Next, we add 4 to ax by the ADD instruction: 
20 0000 6792, and the value of the accumulator is now 
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ax + 6 or, in other words, y, the desired scaled value 
of input 18. ‘ 

If we look at Figire 3, we can see that we may need 
this scaled value later for print-out purposes, so let us 
store it in memory location 2235 by using the STORE 
instruction: 10 0000 2235. We have now compiled the 
following program: 





Location of 
Code Instruction Word Instruction 
INPUT 32 0000 0018 0000 
MULT 24 0000 4098 0001 
ADD 20 0000 6792 0002 
STORE 10 0000 2235 0003 


It is now necessary to determine whether the scaled 
value of input 18 exceeds a predetermined limit, which 
we will assume is stored in memory location 1259. 
(This limit could be inserted by the operator thru a 
keyboard, and stored in the memory location until it 
is replaced by another value manually inserted 
through the keyboard. ) 

The scaled value of 18 is in the accumulator, as well 
as in memory location 2235. If we subtract the stored 
limit in location 1259 from the value in the accumu- 
lator, the result will be negative if input 18 does not 
exceed the limit; the result will be zero if the two 
values are equal. If, however, the input exceeds the 
limit, the result will be positive. Therefore, our next 
instruction, in location 0004, should be the SUB com- 
nand: 22 0009 1259, which subtracts the limit stored 
in 1259 from the scaled value of input 18. 

Next, we wish to determine the sign of the result 
in the accumulator, and depending on the sign, pro- 
ceed through one of two program branches. To do this, 
we use the conditional transfer command (COND). If 
the result is positive, the limit was exceeded and we 
must print out the value of input 18. The COND com- 
mand would be stored in location 0005 as: 42 0000 xxxx. 
assuming that we do not, for the moment, specify the 
location of the instruction to be transferred to if 18 is 
NOt positive. 

If no transfer occurs, we must print. Therefore, the 
next instruction in sequence would be in location 0006 
and should prepare us for printing. Assume that the 
desired printer is selected by an address of 0004. How- 
ever, the OUTPUT command prints the contents of 
the accumulator. Therefore, we must obtain the scaled 
value of 18 from memory location 2235 and put it in 
the accumulator. This is done with a READ command 
stored in location 0006: 36 0000 2235. We can now 
print input 18 by using, in memory location 0007, the 
OUTPUT instruction: 58 0090 0004. 

The next instruction is then to read in input 19, and 
store in location 0008, so that we now use this loca- 
tion as the A address portion of the COND instruction 
previously written for storage in 0005. The INPUT in- 
struction in 0008 becomes: 32 0009 0019. The complete 
diagram is now: 





Code Instruction Word Location of Instruction 
INPUT 32 0000 0018 0000 
M4 24 0000 4098 0001 
ADD 20 0000 6792 0002 
STORE 10 0000 2235 0003 
SuB 22 0000 1259 0004 
COND 42 0000 0008 0005 
READ 36 0000 2235 0006 
OUTPUT 58 0000 0004 0007 
INPUT 32 0000 0019 0008 


N 











. TABLE | 
J INSTRUCTIONS 
Code Numerical 
Designa- Designa- Des-ription of 
tion tion Fun-tion Performed 
STORE 10 Store the number in the accumulator in 


memory location A leaving it also in the 
accumulator. 

Add the number in the accumulator to 
the number in location A and 


leave result in counmebuter. 


Subtract the number in memory location 
A from the number in the accumulator. 


Multiply the number in the accumulator 
by the number in memory location A 
and leave the result in the accumulator. 


Set input unit to select inout identi- 
fied by address portion A of instruction, 
have input converted to digital form by 
A/D converter and read digital value 
into accumulator. 


Clear the accumulator and place in it 
the number in memory location A. 


COND 42 If the number in the accumulator is (—) 
or zero, do not perform the next in- 
struction in sequence but transfer to the 
instruction in memory location A, and 
proceed in sequence from there. the 
number in accumulator is (+) take 


next in (Condi- 
tional transfer) 


Do not perform the instruction which is 
next in ce but transfer to the 
ponies — A oe 

in sequence m there. (Un- 
conditional transfer). 


58 Read out the number in the accumulator 
on the output device specificed by » 


ADD 20 


SUB 22 


MULT 24 


INPUT 32 


READ 36 





% 


TRANSFER 46 


OUTPUT 











This program could now be loaded into the computer, 
along with the necessary constants, either through a 
keyboard or tape reader and the computer could pro- 
ceed to» carry out the calculation. 

This is a very primitive decision in varying the pro- 
gram. The same principles are used in making com- 
plex decisions or in making major changes in programs 
internally with the computer. 


Comparison of General Purpose Digital Computers 


Table II is a comparison of nine digital computers 
and computing systems which are presently commer- 
cially available for on-line computing and control ap- 
plications. All these computers are of the general pur- 
pose digital type with the exception of the Genesys 
machine which is a hybrid computer (G.P. logic and 
incremental logic combined ). All of the machines are of 
the internally stored program type except the Ferranti 
ARGUS computer which uses pegboards for the stor- 
age of program steps and constants. (Only limited 
data is available at present on the Ferranti ARGUS.) 

In addition to the nine computers in Table II, there 
are at least rwo other general purpose digital computers 
being developed for process control: 

1) A computing system is being developed jointly 
by Leeds & Northrup Co. and Philco Corporation. 

2) Minneapolis-Honeywell, through the Industrial 
Products Group and the Datamatic Division, is devel- 
oping the D-290 Computer for process control. The 
first unit is scheduled for installation at Philadelphia 
Electric Company in 1960. 

There are several points of comparison in Table II 
which should be clarified, although most categories are 
self-evident. 
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(1) Word length. The size of the word in the com- 
puter and memory is not too critical since all ma- 
chines provide between 9 and 39 binary bits, equiva- 
lent to a precision of 1 part in 500 to approximately 1 
part in 10"*. In addition, most of the machines can 
operate with either single or double precision arith- 
metic, so that even greater accuracy is available. 


(2) Number of different instructions. The normal 
number of instructions shown is the number which 
are available as standard in the machine. The maxi- 
mum number represents the largest number of instruc- 
tions which the logic of the machine can handle in 
terms of available digits in the instruction code, etc. 
In some machines, computer operations on a level of 
detail lower than a normal instruction are available 
to the programer to permit so-called microprogram- 
ing or microcoding in which the programer constructs 
his own instructions from detailed steps. 


(3) Time to perform calculation in Figure 4. The 
calculation shown in Figure 4 was programed by the 
manufacturers of eight of the computers in the table. 
The results are listed to indicate relative computational 
speeds of the machines. Note that no input switching, 
analog-to-digital conversion or readout times are in- 
cluded in this calculation. It is primarily a means of 
comparing arithmetic speeds. The sample problem in- 
volves memory access, add times, multiply times, etc. 
It represents typical calculations encountered in scal- 
ing an input, comparing it to high and low limits for 
determining abnormal conditions, calculating a flow 
from a differential pressure reading and calculating an 
operating guide involving several variables. 

Where fast access memories such as circulating reg- 
isters are available in a drum or disc computer, the 
calculation time is based on use of the fast access mem- 
ory. Drum computers which feature optimum coding 
list calculation time with optimum coded program. 


(4) Input switching speed and A/D conversion input 
range. Various input switching speeds and A/D con- 
version ranges are shown in Table II. The maximum 
input switching speeds shown are not necessarily at- 
tainable with typical low-level process inputs (0-10 
mv.) with pick-up and noise problems. In many cases, an 
individual amplifier on each low level input (or an 
amplifier shared among a few inputs) would be re- 
quired along with a filter for each input in order to 
attain the switching speeds shown as maximum. In 
most process applications at present, such switching 
speeds result in less costly input systems. In all cases, 
amplifiers can be used on low level inputs to make 
them compatible with the A/D converter input range. 

In the case of the RECOMP II and G-15, these com- 
puters are not normally furnished with integral A/D 
and D/A input-output converters but are generally tied 
to commercially available A/D and D/A systems. 


(5) Time to perform calculation in Figure 4a, The 
calculation previously shown in Figure 4 is used, with 
the added requirement that the computer select an in- 
put, convert it from analog form to digital form and 
read it into the computer prior to computation. 
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SAMPLE CALCULATION (1) 


(1) READ IN NEW INPUT X (exclusive of input 
switching time or A/D conversion) 


(2) CALCULATE AX + B= Y 
(3) COMPARE Y TO C TO INSURE THAT 
Y<cC hes 


(4) COMPARE Y TO D TO INSURE THAT 
Y>D 


(5) CALCULATE Z = V EY 
(ZF — G] K 
(6) CALCULATE J =a 
(7) STORE J IN BULK MEMORY (use average 
access time) 


(8) STORE Z IN BULK MEMORY (use average 
access time 











Figure 4. A typical problem used to compare digital 
computer computational speeds. 


SAMPLE CACULATION (2) 
Same as above except: 


(1) Assume input X must be selected by com- 
puter, switched into A/D converter and read 
into computer from converter. 














Figure 4a. A second problem with selection, conver- 
sion and switching time in addition to computation. 


Because of variations in the methods of handling 
input signals, the calculation times for Figure 4a should 
be used only as a general guide. Exact input speeds 
will generally depend on the type of input signal, the 
input equipment used in the particular installation and 
the requirements of the application. 

(6) Price. Since all computer control systems are 
tailored to the application, the prices shown are only 
general figures. In some cases, prices are for basic sys- 
tems with a minimum of analog input-output equip- 
ment. In other cases, typical complete process com- 
puter systems are included in the price. In the case of 
the RECOMP II and the G-15, the prices shown cover 
only the computer. In considering pricing for a com- 
puter control system, one should also bear in mind the 
cost of transducers, measuring devices and control ele- 
ments which might not otherwise be required in the 
installation. Such additional costs, plus engineering and 
systems analysis costs, can easily equal the cost of the 
computer system itself. 


Availabie General Purpose Digital Computers 


More than 30 computer manufacturers were contacted 
for information. This listing includes those companies 
replying with data on general purpose digital computers 
which are within the scope of this report. 

Autonetics RECOMP Il. This is a general purpose 
digital computer, all transistorized, single address, disc 
memory machine. It has floating point arithmetic and 
automatic decimal conversion. It is designed primarily 
for engineering and scientitic calculations. However, 


59 








58 




















| 60 


with appropriate input-output units, it can be used for 
process control installations. It has 4,080 word storage 
capacity, each word containing 39 bits plus sign. 


Bendix G-15. A general purpose digital computer 
with drum memory, modified double address for opti- 
mum coding and microcoding which permits programer 
to construct own commands. A 16 word fast access mem- 
ory is provided on the drum. The G-15 is a commercial 
computer, widely used for engineering, business, and 
scientific data processing. It has also been used in a 
wide variety of on-line applications including wind tun- 
nels, navigation, tracking, and processing plants. This 
computer does not include A/D and D/A input-output 
units, but most such commercial units may be used 
under control of the computer for complete on-line 
computing system. Beckman Systems is now using a 
G-15 with their equipment for a computer control 


package. 


Daystrom Computer. The computer is the heart of 
the Daystrom Operational Information System. It is a 
solid state digital system using magnetic core memory 
with single address instructions. Although a relatively 
slow clock speed (50 kc) is used, the random access 
core memory permits relatively fast computation speeds 
without need for optimum programing. The Daystrom 
A/D input system normally integrates each sampled 
input for 100 ms. so as to obtain a high noise rejection 
rate without use of filters. Where practical to filter each 
input or no noise is present, input sampling can be made 
at 284 points per second. Specifically designed for proc- 
ess monitoring and control. 


Ferranti Argus. The Ferranti Argus is a transistor- 
ized process control computer manufactured in Eng- 
land and marketed in the US. by Ferranti Electric in 
Hempstead, N.Y. It is unique among computers avail- 
able in that it does not have an internal stored pro- 
gram. A 256 word core memory is provided for stor- 
age, but program steps and constants are manually stored 
in pegboards, contained in trays in the computer. In 
this manner 512 program steps and 128 constants can 
be stored in the computer. A unit is available to ex- 
pand this to 4096 steps. Input A/D and output D/A 
conversion equipment is an integral part of the Argus 
system. The computer is designed for closed-loop 
control. 


General Electric GE-13. An all solid-state digital 
computer, using magnetic drum storage for both data 
and program. Specifically designed for process moni- 
toring and control. Available in housed upright air 
conditioned cabinet. Uses removable printed circuit 
cards. Instructions can be either single address or dou- 
ble address (1 + 1) for optimum coding. Computer it- 
self can be used to code program for minimum ac- 
cess. In addition, routines are available for simulating 
the 312 on an IBM 704 to assist in programing. An 
optional feature is circulating registers on the drum to 
provide 4 to 16 words of fast access memory. Includes 
A/D and D/A conversion units and input-output 
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switching. The application determines scanning and 
input-output requirements. 


GPE Controls Libratral 500. Manufactured by Lib- 
rascope and marketed by GPE Controls (both subsid- 
iaries of GPE). This computer is an adaptation of 
LGP-30, a commercial digital computer widely used 
for many engineering, scientific, business, and account- 
ing applications. Over 250 LGP-30 computers now in 
use. Libratral-500 uses drurm memory, with 3 single 
word fast access circulating registers for instructions. 
Specifically designed for process monitoring and con- 
trol. Basic unit includes scanner, voltage-to-digital con- 
verter, and output logic. Computer operation is serial, 
fixed binary point, with internally stored program, using 
single address instructions. 

Genesys Unit Memory Processor. This is a hybrid 
unit, combining both general purpose digital and in- 
cremental logic. It operates as either or both. It is 
housed in a desk type enclosure. All functions of the 
computer are achieved with a magnetic disc memory 
( 10,000 to 30,000 words capacity ) and a small magnetic 
core-transistor sequential network. The general pur- 
pose logic is used for decision making, arithmetic, etc., 
and the incremental logic for integration, etc. This 
combination uses a minimum of active components, 
relying heavily on the reliable passive storage ele- 
ments of the magnetic disc memory. A/D conversion 
is by an all-electronic feedback encoder. The system 
is built according to individual applications. Process op- 
eration is optimized through adaptive control methods. 


Panellit 609. This all purpose digital computer uses 
magnetic cores for both storage and logical operations 
in the computer. Transistor drivers operate the core 
logic circuits. It is housed in two upright cabinets. 
The core memory permits random access to any memory 
location with relatively high computing speed and with- 
out need for optimum programing. The input-output 
system contains buffering and fast arithmetic units to 
permit processing inputs and outputs with a minimum 
of interference with main computer arithmetic units. 
The 609 uses one channel for computation and a second 
channel for on-line data logging. Attachments include a 
magnetic film memory for 250,000 words on a single 
reel. A/D and D/A conversion are available as required 
as a part of the system. 


Royal Precision LGP-30. This is a desk-size, drum 
memory, fixed binary point, general purpose digital 
computer marketed by Royal McBee Corporation. It is 
widely used for many engineering, scientific, business 
and accounting applications. Over 250 LGP-30 com- 
puters are now in use. Primary input unit is tape 
typewriter, with paper tape reader on the typewriter. 
Word storage is 4,096 in memory, each word contain- 
ing 30 binary bits plus sign. 


‘| bompson-Ramo-W ooldridge RW-300. A_ digital 
computer using diodes and transistors for logic. Magnetic 
drum storage for both data and program. Available in 
desk size or upright model. Specifically designed for 
on-line process control. Removable printed circuit cards 
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used for internal circuitry and component mounting. 
Double address instructions (1 + 1) used for optimum 
coding. Computer itself can be used to automatically 
code program for minimum access. A 16 word circu- 
lating register on the drum provides fast access during 
computation. The A/D conversion and input system op- 
erates independently on the arithmetic computer, so 
that inputs are sampled and converted to digital form 
and entered directly into the memory without inter- 
fering with computation. Thus, most recent input data 
is used in computation without waiting for selection of 
an input and receiving of data. 


Westinghouse OPCON. A fully transistorized logic 
control unit designed to automatically experiment with 
a process and optimize performance. It contains no nu- 
merical computation ability, depending on a small ana- 
log computer to calculate optimizing equations. Process 
equations are not necessary since the control unit uses 
the process itself as a model. Analog-to-digital con- 
version range is +0.5 volts. Digital-to-analog conver- 
sion range is 0 - 5 ma into 2000 ohm resistance 
(max.). Weight is 500 Ibs.; size 60” x 22” x 30”; power 
requirements are 260W, 120V, 60 cycles. 


ANALOG COMPUTERS 


Although various types of analog computers and com- 
puting elements are in use today, including hydraulic, 
pneumatic and mechanical devices, the most prevalent 
type ef analog computer is the electronic unit. 

The electronic analog computer operates by means 
of an electrical model of the system described by the 
mathematical expressions being solved. The voltages at 
various points in the computer represent the values of 
the variables involved. Operation of the analog com- 
puter is on a continuous basis, with the electrical param- 
eters behaving precisely as the continuous physical 
system or equation variables do. 

The basic component of the analog computer is the 
operational amplifier. The principal requirements for 
this DC amplifier are that it be extremely stable, have 
a high open loop gain (100,000 or greater), linearity 
over a wide rang of operation (typically +100 volts) 
flat frequency response from DC to several hundred 
cycles per second, high input impedance and low noise 
level. In addition, most operational amplifiers reverse 
the polarity between the input and output of the am- 
plifier. 

The operational amplifier is usually chopper stabi- 
lized to eliminate drift. The operational amplifiers are 
used to perform a variety of mathematical functions, 
by use of different input and feedback configurations. 
Interconnections to set up the individual amplifier con- 
figurations and the interconnections between ampli- 
fiers are generally made at a patchboard or terminal 
strip to permit ease of set-up and changing of the com- 
puter operation. Figure 5 shows several of the more 
common configurations which are used. Because of the 
amplification of noise in a differentiation circuit, it is 
generally preferable to avoid use of differentiators and 
rearrange the system equations to permit integration 
instead. For multiplying by a constant less than 1.0, 
manual potentiometers are used. The circuitry is shown 
in Figure 5 (attenuators). 

The analog computer is, at present, a parallel device. 
Computations take place continuously and simultaneous- 
ly. A separate calculating module is used for each com- 
putational function and these are wired up by the pro- 
gramer to solve the desired equations. 





(Superior numbers refer to similarly numberec references at the enc 
of this article. 


For multiplication or division of variables special 
multiply-divide modules must be provided. Other spe- 
cial modules or circuit configurations are used for non- 
linear functions such as simulating the saturation of a 
power drive, limiting the simulated travel of a control 
valve, etc. Extremely non-linear or empirical relation- 
ships, such as the relationship between pH and concen- 
tration, can be duplicated by the use of function gen- 
erators of various sorts.‘?? 

The primary use of the analog computer is in the 
solution of differential equations. Since most control 
problems involve differential equations, the analog com- 
puter is well suited to a wide range of control compu- 
tations. Since it is basically a parallel modular device; the 
addition of extra amplifiers increases the computational 
ability of the computer, and also increases the size and 
cost of the computer. 

The accuracy of the analog computer decreases as the 
number of computations performed on the signal in- 
creases. As in conventional instrumentation, each ma- 
nipulation of the signal introduces an error, usually 
between 0.1% and 0.5%. Generally, analog computa- 
tions are accurate to within a few percent. Where ex- 
tremely high quality components are used and care is 
taken, the accuracy can be within 1%—2% on fairly 
large computations. 

The analog computer, being essentially 2 continuous 
device, is not well suited to applications requiring time- 
sharing of the computer among many channels, al- 
though some investigations of multiplexed analog com- 
puters are being undertaken. 

Operating in fast-time permits the analog computer 
to simulate a plant and experimentally determine the 
best control action prior to imposing the control output 
on the actual plant. The greatest advantage of the ana- 
log computer is on relatively small scale problems, where 
large scale digital equipment cannot be justified. Sev- 
eral analog control computers are estimated to cost about 
$5,000 for a typical fractionating tower installation. 
Contrast this to a cost of at least $35,000 for the small- 
est digital computer system available today and the 
tremendous advantage of the analog computer on small- 
er processes is readily apparent. 

It is expected that the applications of analog process 
control computers will be widespread among smaller 
unit operations such as fractionating towers, catalyst 
regeneration and small batch processes. 
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Figure 5, (left). Common computation circuits used 
CIRCUIT INPUT - OUTPUT | BLOCK in electronic analog computers. 
CONFIGURATION RELATIONSHIP DIAGRAM 
SYMBOL 
Programing an Analog Computer 
weuT ouTPuT Suppose that we wish to solve a typical second order 
— (ee differential equation such as would describe the motion 
OPERATIONAL =— | #0" G8 {> “#o of the spring mass system shown in Figure 6. The sys- 
GAIN = G >100000 tem dynamic behaviour is described by the equation: 
d*6 
INVERTER ” a a+ D4 dt "+ Ko=0 () 
v a One simple approach to mechanizing this equation 
R — a on the analog computer is to rewrite the equation, equa- 
bd ®% | Gains B <4 ej 2 : ivati 
‘ R *e ting everything to the highest order derivative: 
CONSTANT 
MULTIPLIER ton ¢ a0 _ ae 6 (2) 
m nd «fo. dM dM 
a dl we Be. —_— Now, if we assume that we have, at point I in Figure 
: ~ R= 1 MEGOHM r ’ a6 ; 
i e e, 
e,*-5e; ; ° 7a, a voltage equivalent to - ewe can then integrate 
ADDER — : dé j 
SUBTRACTOR . this voltage once to obtain — and then integrate 
Re i wR i2 +s <> at 
Ry Geet ere es . the resulting voltage to obtain 0. This is shown in Fig- 
"TX : die ure 74. 
mn wt ts rt ore We can now insert attenuators as shown in 7b so as 
%i eae Cis % to produce the quantities which appear in equation 2. 
(SIGNS OF 04, 05.83: R* 100,000 OHMS ef If we now change the sign of point II with an in- 
ETC. DETERMINE iS i in Fig- 
i verter, and sum the values at points III and IV in Fig 
ADDED OR SUBTRACT- ure 7c, we would have the sum as shown by equation 2. 
an By successive integrations and calculations, we now 
INTEGRATOR have the quantities available which, when summed, will 
c a°- x faint € 26 
i ., | nee mat ie i, a actually equal aa So now, we simply close the loop 
"Tae CONSTANT |S by summing the quantities at III and IV in Figure 7c, at 
(Ry siueeormne..: af E.) the input to the first integrator, as shown in Figure 7d. 
= ‘Tare Poa A If the first integrator is externally set to zero initial- 
E,*(INITAL CONDITION , mTEORATOR ly (that is, the system is at rest with zero velocity and 
WHICH 1S VALUE "ac zero acceleration) and the second integrator is exter- 
GRATION STARTS) | WHERE AMO Cee nally set to 6, this will be equivalent to manually dis- 
- ou am cele placing the rotor through an angle 6,. If we then re- 
100K Eero, move the externally imposed initial condition voltage 
“i % | o:-d pict * fo >-, 6,, the system will respond as if we had suddenly re- 
t leased the rotor. Depending on the strength of the 
q7~ 10 Joa spring and the amount of air resistance, various re- 
os sponses will be obtained. 
SUMMING — : . ‘ 
INTEGRATOR “fi eel fy oe In Figure 8, we see the results of solution of this 
Clin Rohe ei ; equation on an analog computer. Assuming that M = 1.0 
Fc /tisat+ €,] |° * and 6, is some constant initial displacement in all cases, 
? *i3 the curves show the effect of — strength. 
phen, ematt pe *it Curve 1— K = D=1 
thay —— e\2 | >* Curve 2 — K = Os, B= 
: *i3 The weaker spring in Curve 2 slows up the system's 
ATTENUATOR return to zero displacement. In Figure 9, the effect 
, %* % By y ; of air resistance or damping is shown. 
K=% OF FULL SCALE G-* ee 
~ | Senetene Sont= 82i BEb 
urve _- = 4, = 
IF K= 50%,e:*05e, (a8) —*, oem 
, As damping is reduced, the system overshoot becomes 
greater until, with no damping, the system oscillates 
without end (i.e. frictionless motion ). 
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— 
K = spring force (rotational torque) 
M = mass 
D = air damping 
® = angular displacement 
de , 
dt = cngular velocity 
d-0 " 
dg = angular acceleration 


Assuming that K, D, and M are constant, the 
cynamic behavior for the system is given by: 


d?e de . 
Mae + D-at + Ke —0; 


If the system is manually displaced through some 
angle 6, and released, then initially es 











Figure 6. 


Amplitude and Time Scaling *’ 


Every problem requires scale factors. They relate 
voltages to problem variables, and solution time to 
problem time. In the simple example given, all of these 
factors were assumed to have convenient values of 
unit. This “one-to-one” correspondence is rarely con- 
venient, for the variables of a physical system usually 
change through values which are either too small or 
to great to be represented directly by voltages within 
the linear amplifier range of plus or minus 100 volts 
available on most computers. Furthermore, it is common 
for changes to occur either too rapidly or too slowly in 
the physical system for convenient appraisal, and thus 
a slowing-down or speeding-up is desirable. There are 
two types of scaling in an analog computer. 


Amplitude Scaling. Amplitude scaling deals with the 
magnitude of a problem’s dependent variables. A cri- 
terion for good amplitude scaling is that all voltages 
on the computer will remain less than the maximum 
permitted value and yet will have as large a value as 
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Figure 7. Analog circuit development for solving 
the typical second order differential equation rep- 
resenting the system shown in Figure 6. 


possible. For accurate solutions the values of voltages 
and their excursions during a transient must be made 
as large as possible, for then the effects of any constant 
errors that might be present in the operation of a com- 
ponent will be minimized. The scaling of any variable 
is independent of that or any other variable, including 
any or all of its derivatives. 
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Figur 8. Analog computer results of solution of 
the equation shown in Figure 6. Each curve repre- 
sents different spring strength. 
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Figure 9. Analog computer results of solution of 
the equation shown in Figure 6, showing the effect 
of air resistance or damping. 
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Note that each scale factor has the dimensions volts 
physical unit and that it relates the number of volts 
that will be present in the computer for each unit of 
the physical variable. To calculate the value of the physi- 
cal variable represented by a given voltage on the com- 
puter, divide the voltage by the scale factor. 

Time Scaling. The analog computer can be easily 
scaled in time as well as amplitude. Thus, a phenome- 
non which occurs in a few milliseconds can be slowed 
down by a time scaling of 1,000 and be studied in de- 
tail on conventional pen recorders. Conversely, a phe- 
nomenon which takes hours in the physical system can 
be speeded up so as to permit making many experi- 
mental runs on the computer in a few minutes. This 
so-called “fast time” solution is of great use in control 
applications where the actual time constants are quite 
long. A simulated system with a fast time scale can 
serve as a means for automatic experimentation to de- 
termine the best control action before actually imposing 
the new conditions on the plant in a closed loop system. 

Time scaling also permits the use of the analog com- 
puter in such a manner that limitations of computer 
elements (frequency response of amplifiers and re- 
corders, long term drift, etc.) can be made insignificant 
during the solution time. Time scaling is relatively sim- 
ple since the only computing elements involving time 
are the integrators. 

To scale a problem in time, one merely establishes a 
time constant for the integrators. For example, if the 
basic phenomenon occurs in 100 seconds and we wish 
to complete a sample calculation in 10 seconds, then 
all integrators should have a time constant of 0.1 sec- 
onds. This time scaling in no way affects the ampli- 
tude scaling; it merely determines the rate at which 
the solution proceeds. Note that the gain of the integrator 
is independent of the system's basic time constant but is 
related instead to the amplitude scaling. Wherever a cir- 
cuit is time dependent, then a corresponding time scaling 
will be necessary. 


Analog Computers Available 

Special Purpose Computers—Because of their modu- 
lar nature, analog computers have been assembled into 
control computers for special purpose uses. One of the 
principal applications is economic load dispatching in 
the power industry. These computers are relatively 
large, integrated systems designed to perform the func- 
tions involved in determining the most economical 
combination of generating stations under varying power 
demands. Such computers are available from Goodyear 
Aircraft Corporation, Leeds & Northrup Company, Min- 
neapolis-Honeywell Regulator Co., Westinghouse Elec- 
tric Corp. and General Electric Company. 

One manufacturer, Quarie Controllers, furnishes a unit 
known as the Quarie Maximizer. This analog comput- 
ing element is a logical device which seeks to maximize 
or minimize a quantity by adjusting a single parameter 
in the process. Used with conventional instrumentation, 
retransmitting slidewires, manually set potentiometers 
and other simple analog devices, the Maximizer can be 
utilized as an optimizing analog controller which dis- 
turbs a process parameter and uses the resulting change 





in the control criterion to determine how the parameter 
should be further adjusted. A complete fractionating 
tower optimizing control system with two Maximizers 
to adjust the steam to input feed ratio and the reflux 
rate is estimated to cost less than $5,000. 

General Purpose Computers—Although conventional 
analog computers are widely used for control systems 
studies, only three manufacturers offer a variety of ana- 
log computer components and analog computers spe- 
cifically for on-line process control applications. A num- 
ber of companies offer analog computer components 
for custom construction by the user. 

1. Southwestern Industrial Electronics Company 
( Div. of Dresser Industries, Inc.) SIE CM-2 analog com- 
puter is a solid state device which utilizes magnetic 
amplifiers for the operational amplifiers. Although there 
is no limit to the number of amplifiers which can be 
used, a single CM-2 cabinet is designed for up to 12 
amplifiers, 8 attenuating potentiometers and 6 logarith- 
mic networks. The logarithmic networks are used +o 
convert computer signals to their logarithmic values, 
thus permitting such functions as multiplication or 
division to be performed by summing amplifiers. 

The SIE computer is designed to operate from com- 
mercial electronic transducers. Special purpose com- 
ponents are available for time-delay, square-rooting, 
storage, thermocouple and strain gage amplification, 
etc. The necessary interwiring between computing ele- 
ments is made at a terminal board to program the de- 
sired calculation. A SIE CM-2 computer for a frac- 
tionating tower control system is priced at about $5,000. 

2. Electronic Associates, Inc. PACE TR-10 analog 
computer is a small, desk-top computer using fully 
transistorized computing components. The computing 
components are also designed for use as solid state low 
cost analog control computers. Each module is packaged 
in a small metal housing; the front of each module 
contains a color coded patch panel for interconnecting 
components. A basic system with 6 summing amplifiers, 
4 integrating amplifiers, 10 attenuators and solid state 
power supply costs under $4,000. 

Electronic Associates has also been licensed by Phil- 
lips Petroleum Co. to manufacture and sell a special- 
purpose solid state analog computer for the control of 
distillation columns employing an analog program de- 
veloped by Phillips. 

3. Donner Scientific. The Donner 3100 is a medium 
size analog computer for design, analysis, simulation and 
control. It is available with 10 to 40 amplifiers and 35 
to 55 potentiometers, and the other accessory equip- 
ment for computational work. Donner reports sale of a 
special analog computer to Minneapolis-Honeywell for 
use in a system being installed at Richfield Oil. 
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INCREMENTAL DIGITAL COMPUTERS 


The incremental digital computer is commonly called 
a digital differential analyzer because it solves differ- 
ential equations in increments of a variable using digi- 
tal techniques. This hybrid character retains the analog 
ease of programing and the computation feature of a 
digital system. The DDA is capable of solving ordinary 
linear or non-linear differential equations or sets of 
such equations. It is functionally equivalent to a me- 
chanical differential analyzer. The arithmetic circuitry 
is simple since summation and storage is performed a 
bit at a time. 

The digital differential analyzer is being used in com- 
bination with the general purpose digital computer in 
process computer control installations. In order to solve 
differential equations on a general purpose digital ma- 
chine it is necessary to transform the equations into 
suitable arithmetic form by use of numerical analysis 
and then to formulate coded instructions for the com- 
puter. The programing time is extensive and specialized 
knowledge is required. The DDA, however, can be pro- 
gramed with the relative ease of an analog computer. 
Since the solution is digital, much greater accuracy can 
be obtained than with analog computation. In the DDA, 
integration with respect to variables other than time 
can be performed and drift is no problem. The DDA 
can perform summation of inputs, sign change, multi- 
plication by a constant, and other functions with no 
additional circuitry except that internal to its design. 

The basic component of a digital differential analyzer 
is the integrator. Figure 10 is a block diagram of this 
unit and shows the mathematical progression as it inte- 
grates. A simple equation may require only 3 or 4 inte- 
grators; a complex problem may require from 20 to 
100 integrators. These are interconnected in the same 
sense as analog integrators with the variables being rep- 
resented by repetition rates of digital pulses. The inte- 
grator comprises two registers. The Y register (one 
channel on a magnetic drum) sums incremental Y 
inputs, and the R register (a second channel on a mag- 
netic drum) sums the products of ydx. An incremental 
ydx output is produced only when the number in the R 
register overflows. Fractional values remain in the R 
register. Variable increments represented by a pulse 


train are summed in the Y register as they are received. 
Once each cycle, as determined by the dx input, this sum 
is added to the number already in the register (Y,) to 
form a new sum. Simultaneously the number in the Y 
register is added to the R register, being gated in or 
controlled by the independent variable or integration 
(dx/dt). Thus Y is added to R at a rate dx/dt and a 
quantity approximating ydx is accumulated in the R 
register. Eventually the R register overflows and the 
rate of overflow is the output of the integrator. The 
overflow increment is ydx and is the area of one of the 
narrow rectangles shown in the approximation integral 
curve (Figure 10). 

The solution time for a problem using a digital differ- 
ential analyzer is determined by the accuracy required. 
The speed is independent of the number of integrators 
used in the problem. Each increment requires from 1/35 
to 1/65 of a second, depending on construction of the 
machine. Programing and scaling are similar to that re- 
quired for an analog computer. 


Available Incremental Computers 


There are three digital differential analyzers on the 
market today for use in computer control applications. 

(1) Litton. The Litton 80 DDA is being used experi- 
mentally at Sun Oil because of its availability, ease of 
input-output conversion, and flexibility in solving a 
wide range of problems. Litton has three models (20, 
40 and 80) indicating number of integration units. In- 
put is by keyboard, punched tape, or graph follower. 
Outputs are by direct reading, plotter, converter or 
print out. 

(2) Bendix DA-1. The Bendix digital differential 
analyzer is designed to operate in conjunction with the 
Bendix G-15 general purpose digital computer. Its di- 
mensions are 22” x 24” x 60”, and has 108 integrators 
which operate 34 times per second. Input can be pro- 
gramed from G-15 equipment, including typewriter, 
punched tape, punched cards and magnetic tape. Outputs 
can be recorded on graph-plotter. 

(3) Genesys. This digital computer is described under 
general purpose digital computers. It contains both inte- 
gral and incremental computation facilities. 
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Figure 10. Block diagram of digital integrator used in the digital differential ana- 
lyzer and approximation of the integral by summation. (Courtesy, Litton Industries.) 
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Computer Control Installations 


WITHIN THE LAST 18 months a relatively large 
number of companies in the processing industries have 
installed or contracted for installation of computer 
control systems. Obtaining information of these in- 
stallations is difficult because users are reluctant to 
divulge proportionary data and reveal their plans. 
Searching known sources the ISAJ has compiled a list 
and description of installations which may be reported. 

This listing covers the more complex installations in- 
volving multiple loop control, with many inputs and 
appreciable data reduction. These installations, in 
general, meet the definition of computing control given 
in the introduction of this special report. This listing 
does not include the many relatively small installa- 
tions involving simple, specialized and inexpensive 
computing elements such as pneumatic relays. Gener- 
ally, in these cases the user has designed and assem- 
bled his own system for a one or two loop system 
with excellent results. 

Installations are listed according to user name, with 
a description of the application, and the computer sup- 
plier. 

The inclusion of wind tunnel control, weather fore- 
casting, and traffic control perhaps stretches the gen- 
eral interpretation of “process”, but justifiably so as 
the general field of industrial control problems gravi- 
tate toward a common denominator for solution. 


Arnold Engineering Development Center, 
Tullahoma, Tenn. 

Wind Tunnel Control. A “homemade” hybrid ana- 
log computer is in closed-loop control of the largest 
aerodynamic model and jet-engine wind tunnel oper- 
ated by the US Air Force. A high-gain control sys- 
tem made of analog computer components regulates 
air flow rate very close to dangerous “surge points” — 
necessary for maximum performance. This was one of 
the earliest cases (1955) where components designed 
for computer use were deliberately used, combined 
with conventional control units, for process control. 
(See ISAJ July, August, September, October, Novem- 
ber and December, 1956. ) 


B. F. Goodrich Chemical Co., Calvert City, Ky. 


Vinyl Chloride Monomer Plant Control. A Thomp- 
son-Ramo-Wooldridge RW-300 computer will go “on 
stream” this month in what Goodrich claims is first 


use of digital equipment on a chemical process specific- 
ally designed for computer control. Computer takes 
instrument signals, quickly computes, makes logical 
decisions, and adjusts set-points of conventional pro- 
cess controllers to optimize efficiency. Total investment, 
reports Goodrich, including equipment, installation, 
programing and training: $200,000. 


Carolina Power & Light Co. 

Power System Generation Optimizing Control. Re- 
cently installed was an advanced data handling and 
analog computer system by Leeds & Northrup Co. 

A second, future installation is scheduled by Caro- 
lina Power for its Darlington Station. This one will be 
a Daystrom Systems Division operational information 
unit. It will be expanded into an on-line digital control 
computer. 


Cornell Aeronautical Laboratory, Ithaca, N.- Y. 


Aw Traffic Control. A Bendix G-15 digital computer 
controls entry of planes into a Bell Aircraft automatic 
carrier landing system. This is an experimental project 
for the US Navy, eventually intended for shipboard 
use. Computer transmits altitude, compass heading and 
airspeed command signals at exact time intervals. Thus, 
the airplane flies in on a “conveyor belt” as it were, 
avoiding the “stackup” usual with human control. 


Dow Chemical Co., Midland, Michigan 


Styrene Plant Control. Since June, 1958, a Westing- 
house Model OPG1 “Opcon” computer has been in 
charge of a Dow “miniplant” for catalytic dehydrogena- 
tion of ethyl-benzene in styrene production. This is an 
“optimizing” type of computer, wherein the com- 
puter actively seeks optimum through stepwise exper- 
imentation rather than through reference to a mathe- 
matical model. Controlled inputs are ethyl-benzene feed 
flowrate and reactor temperature. Major uncontrolled 
variable is catalyst deterioration. Original objective was 
maximation of styrene. But, after experience, economic 
considerations revealed the fallacy of optimums selected 
on technical bases only. 


Federal Aviation Agency, Atlantic City, N. J. 


Airways Control System. A Model RW 300 digital 
computer, by Thompson-Ramo-Wooldridge, has been 
used since February this year at FAA’s National Avia- 
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tion Facilities Experimental Center. Equipped with 
special analog inputs and outputs, it simulates complex 
air-traffic control problems by means of stored geo- 
graphical reporting points and flight plans. Computer 
calculates aircraft arrival time over each “fix” along 
its route and communicates with existing control de- 
vices such as radar, direction finders and displays, 
without interrupting calculations. The system uses 
seven Stromberg-Carlson 1030 “Charactron” hi-speed 
digital cathode-ray readouts displaying position, point 
of conflict, and plane identity. Computer flashes 30- 
minute warning of impending mid-air conflict. 


Electricite de France, Chinon, France 


Nuclear Power-Reactor Control. France's first com- 
mercial nuclear power plant will start up this sum- 
mer with a Thompson-Ramo- Wooldridge RW-300 digi- 
tal computer detecting and locating ruptured fuel cart- 
ridges — first digital computers directly connected to 
reactor instruments. Computer will monitor carbon di- 
oxide cooling gas radioactivity, calculate radiation value 
of each channel, and actuate alarms if preset limits 
are exceeded. From background-gas and relative-gas 
activity counts, computer will calculate and log cool- 
ing-gas radioactivity change in each channel, and 
switch to “fine scan” if limits are exceeded. To in- 
sure absolute reliability, a second RW-300 will parallel 
the first: if one stops, the other takes over. One com- 
puter was US. built by T-R-W; the other built in 
France by “Intertechnique.” 


Florida Power & Light Co. 


Power System Generation Optimizing Control. This 
analog data-handling and computer system, by L&N, 
was installed and put into operation in recent months. 


Gulf States Utilities, Louisiana 

Electric Power Performance Guide. Gulf States has 
for about three years been using a combination data 
logger plus analog computer built by Panellit, Inc., for 
calculating total station and unit heat rates on a 
gas-fired boiler. Gulf States has bought several Panel- 
lit Model 607 units, and now has on order (1960 de- 
livery) a Panellit 609, which will be an all solid-state 
digital machine. It will be in closed-loop control 
through set-point adjustments to conventional control- 
lers, accomplished through special output matrices, as 
needed. Interesting note: On its newest station, Gulf 
States has gone back to a simple scanner for all tem- 
peratures, showing how a single company can use a 
wide variety of units. 

For their Willow Glen Station, Gulf States has on 
order a Daystrom Systems digital operational informa- 
tion computer system plus future expandability to digit- 
al computational facilities. 


Humble Oil & Refining Co., Baytown, Texas 
Fractionator Control. Since December, 1958, Humble 
has had a Southwestern Industrial Electronics Co. 
Model CM-2 on closed-loop control of a fractionation 
tower. SIE’s computer is of the analog optimizing type, 
using magnetic amplifiers. (See ISAJ 4/59, p 56). 
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Bendix G-15 digital computer installation 
at U. S. Naval Supersonic Lab at MIT. 


Jones & Laughlin Steel Corp., Aliquippa, Pa. 

Annealing Line Control. A General Electric model 
C-312A digital computer is to be installed on the Con- 
tinuous Annealing Line. This line, on which the steel 
is uncoiled, the ends sheared back to gage and welded 
to the opposite end of the preceding coil, cleaned, an- 
nealed and recoiled, operates at speeds up to 2000 feet 
per minute. 

Inputs to computer will be welder, furnace tempera- 
ture, footage tachometer, thickness gage, pin-hole de- 
tector, weld detector, shear, and provision for accepting 
hardness measurements. Signal lights will show continu- 
ously the position of welds along the line. Desired anneal 
will be achieved by strip speed and furnace temperature 
control. Computer will log data from each foot of strip, 
warn of critical conditions, record metallurgical and op- 
erating data and accounting department calculations. Re- 
sults: faster production, fewer errors, lower costs 


Kansas Gas & Electric Co. 

Power Generation Control. We \earn that this util- 
ity has on order a Daystrom Systems digital operational 
information computer system with provisions for ex- 
pansion to closed-loop control. 


Louisiana Power & Light Co., Sterlington, La. 

Power Station Operational Guide. For over a year, a 
Daystrom digital on-line computer has scanned tem 
peratures, scaled primary variables and calculated op- 
erating guides. Has analog front end with a single 
A-to-D time-shared converter. Computer is a general- 
purpose, internally-programed, single-address machine 
with randome-access magnetic-core memory. Outputs 
are logged on a typewriter and punched tape. Ebasco 
Services were the consultants. (ISAJ 7/58, p 32; ISAJ 
10/58, p 32). 


Louisiana Power & Light Co., Little Gypsy Station 
Power Station Automatic Control. Based on their 
year’s successful experience with an operation guide 
system at Sterlington (above), LP & L now has or- 
dered a complete Daystrom digital computer control 
system. For the first few months, it will log opera- 
tional data. Eventually, from this data, it will sequent- 
ially control 800 steps in plant startup and shutdown, 
continuously monitor operation at 10 times per second, 
automatically signal and correct abnormal conditions, 


67 














68 














General Electric's concept of 
a computer control installation 
for a continuous annealing line. 


apolis-Honeywell Datamatic Di- 
vision (Boston) Model D-290 
computer. It will be an all-tran- 
sistor digital machine, which will 
on the basis of memory-stored 
production costs, line losses, etc., 
plus continuous process data sup- 
plied by control instruments: 1. 
Compute most economical allo- 
cation of generating capacity and 








and control combusion, steam and feedwater temper- 
atures to maximize efficiency. With a 100% solid-state 
system, Daystrom is guaranteeing 99% operational 
availability. In Little Gypsy, LP & L probably will 
have the most automatic station anywhere. 


Mass. Institute of Technology, Cambridge, Mass. 
Wind Tunnel Control. In the US Naval Supersonic 
Lab, analog data from the wind-tunnel transducers is 
converted to binary code, punched into paper tape and 
at once entered into Bendix G-15 digital computers. 
The computer scales the quantities to represent real 
variables, calculates, and correlates the functions 


Monsanto Chemical Co-, St. Louis, Mo. 

Chemical Process Control. Another claim to “indus- 
try’s first computer-controlled chemical plant” (on 
stream late in 1959), is being staked out by Monsanto, 
who isn’t saying what process is to be controlled nor 
where. Objective: to maximize productivity at mini- 
mum cost, computer (a T-R-W RW-300) will continu- 
ously monitor process conditions, calculate optimums 
and automatically adjust the controllers to maximize 
results: i.e., closed-loop process control. 


Ohio Edison Co., Massilon Ohio Station 

Automatic Power Dispatching. One of the very first 
real-time computer process controls is this Ohio Edison. 
job using a Goodyear GEDA analog computer, whic 
operated closed-loop as early as November 1956. Under 
its “Computer-Controller” mode of operation, the dis- 
patch of station generation is calculated by ‘he com- 
puter on an economic basis and instantly «pplied to 
automatic control of a 12-station power system. Com- 
puter simulates individual unit fuel-costs, turbine and 
boiler characteristics, transmission system losses, plus 
composite station heat-rates. All heat-rate determina- 
tions are subject to automatic high-and-low limit con- 
trols. This historic installation scored high in setting a 
95.5% availability record for 45-days of operation back 
in 1956! (ISAJ 10/57, p 454). 


Philadelphia Electric Co. 
Power System Generation and Power Exhange Con- 
trol. Scheduled to go on line in late 1960, is a Minne- 


automatically send this command to generators; 2. Figure 
costs for billing of power bought and sold from other 
interconnected power companies. Computer outputs 
will be converted back to analog signals, telemetered 
to load controllers at the several stations, and there 
apportioned among the generators to provide the call- 
ed-for power at the specified calculated cost. 


Public Service Co. of Colorado 


Gas Distribution. A Libratrol 500 computer will scan 
55 telemetered flow variables for more economic dis- 
tribution of natural gas. 


Riverside Cement Co., Oro Grande, Calif. 

Rock Blending and Crushing Control. Unusually am- 
bitious are the plans of Riverside Cement, a division 
of American Cement Corp. Beginning with a Thomp- 
son-Ramo- Wooldridge RW-300 digital computer to go 
on-line this month, Riverside envisions eventual, al- 
most-completely automatic operation of their entire 
Oro Grande plant. At first, computer will keep track 
of amount, composition and location of rock and raw 
materials; periodically calculate proportion and kind of 
materials for proper cement ingredients; indicate most- 
economical procedures based on hauling distance and 
quarrying costs in various areas. X-ray analysis of rock 
samples will form one computer input. Computer will 
log temperatures, fuel-gas flow and rotary-kiln speed; 
and when not busy, will collect and analyze data for 
planning automation for the entire cement process. 


Southern California Edison Co. 

Power Generation Optimizing Control. An advanced 
form of Leeds & Northrup analog data acquisition and 
computer system has been installed for some months. 


Southern Company Power Pool 

Automatic Load Distribution. Another historic “first” 
is claimed for this installation of Leeds & Northrup 
analog computers, which went on-line in 1954. Named 
“Early Bird” after its designer E. D. Early, manager 
of the Southern Pool, it continuously calculates the 
most economical distribution of power loading through- 
out a four-company network involving 40 million kw 
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of generating capacity. Important system parameters 
come in via telemeter; computer calculates best assign- 
ment of load based on unit capacities, fuel costs, boiler 
heat rates and efficiencies, waterpower availability, 
maintenance schedules, transmission losses, etc.; load 
is assigned in most-economic pattern through L & N 
automatic tie-line load-control equipment. 


Standard Oil Co- of N. J. (Esso), Baton Rouge, La. 


Catalytic Cracker Operating Guide. Probably the first 
permanent example of computer use to generate pro- 
cess operating guides (June 23rd, 1959) is that of a 
Royal Precision Model LGP-30 digital machine, com- 
bined with Leeds & Northrup data-acquisition and 
A-to-D conversion equipment. A total of 160 process 
variables — pressure, temperature, flows, etc.—are 
scanned, measured and scaled at one-per-second speed. 
Twenty seven process operating guides are calculated 
and printed out on a log sheet. Esso’s studies are now 
directed toward closed-loop computer control. 

For the Linden, N.J., Esso refinery, Consolidated 
Electrodynamics will use with their equipment another 
Royal Precision LGP-30 digital computer, shortly to 
be installed on an Esso microplant. 


Standard Oil of Ohio (Sohio) 

Refinery Process Optimization. Jointly exploring vse 
of computers for refinery process automatic control are 
Thompson-Ramo-Wooldridge and Sohio’s Process En- 
gineering Division. This is a systems engineering ap- 
proach to process optimization built around T-R-W’s 
“desk-size” digital computer. Now control techniques 
developed will be applied to actual refinery practice. 


Sun Oil Co., Marcus Hook, Pa. 


Fractionator Tower Control. Another cooperative com- 
puter-control research project is that by Westinghouse 
and Sun Oil. Delivered to Sun this April was a Westing- 
house Opcon—optimizing analog computer. 

Also still under Company security wraps is Sun's 
study project for computer process control at their 
Marcus Hook refinery involving computer equipment 
by Genyses Corporation (for use in Sun's Number 12 
plant); and an experimental study with Litton In- 
dustries. Here a Litton Model 80 “DDA” (digital differ- 
ential analyzer) incremental computer was selected 
because of its easy input-output conversion. 


The Texas Co., Port Arthur, Texas 


Polymerization Control. In operation since late in 
1959 has been a T-R-W RW-300 digital computer on a 
1,800 barrel-per-day, $4 million polymerizer unit. Texas, 
too, claims a “first” in closed-loop computer control of a 
full-scale plant operation. Computer gathers data from 
110 sources and provides closed-loop control through 
set-point adjustment to pneumatic controllers on 16 dif- 
ferent streams. It evaluates variables by comparison to 
a mathematical model. Computer also checks its own 
accuracy automatically, and scans for alarms, and prints 
out any off-spec data. Preceding was a 24% year feasi- 
bility study. The whole job cost about $200,000 more 
than conventional instrumentation would have norm- 
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ally cost during modernization of the plant. However, re- 
sulting increase in efficiency should be 6 to 10%—fast 
payout for a relatively-small investment. Extra divi- 
dend: longer catalyst life will save $75,000 yearly. 


Union Carbide Nuclear Co., Paducah, Kentucky 
Electrical Power Load Monitoring. Gigantic power 
needs for the AEC gaseous diffusion plant, coming in 
over 17 lines from three utility companies, complicated 
by possible power-out flow on 5 lines, was too much 
for conventional watthour and demand meters; they 
were too slow to permit alteration of plant load to stay 
below contracted demand rate. Bailey Meter Company 
designed the solid state digital computer that not only 
solved the problem by providing the operator with a 
calculated prediction of 44-hour demand (based on 5- 
minute increments), but produces 10-times better reso- 
lution of the electrical load measurement, as well! Bailey 
calls it “revenue metering load anticipator.” Two-month 
initial operating period (ending 1/1559), set this re- 
liability score: one failure—a transistor; two logic cir- 
cuit errors; four printer malfunctions—97.5 reliability. 


USAF, Wright Air Development Center 

Weather Reconnaissance. This one will be airborne! 
Bendix Aviation Systems Division has developed the 
AN/AMQ-15 continuous weather reconnaissance sys- 
tem on a $i2 million AF contract. A special upright, 
850-pound, RW-300 digital computer will fly in a Boe- 
ing 707 jet transport. System will gather and process 
meteorologic and geophysic data through rocketsondes, 
dropsondes, radars and other sensors. Computer will 
process all automatic and manual input data, convert it 
to meterological quantities, prepare data for transmis- 
sion, and display data on an airborne console. Com- 
puter accepts 16 digital and 32 analog inputs. 


United States Steel Corp., South Works, Pittsburgh 

Iron Ore Sintering Control. A specially-designed ana- 
log computer, built around a standard L & N recording 
pyrometer, has been in experimental use for three years. 
In the US. Steel System (patented), several thermo- 
coupls, feeding into the simple, low-cost computer, 
calculate the “burn-through” (maximum temperature ) 
location along the moving bed of the sintering machine, 
at which sintering reaches completion. This computa- 
tion, in turn, controls the feedrate of material to hold 
the process at its manually-selected production rate. 


Universal Oil Products Co., Des Plaines, Illinois 

Refinery Pilot Plant Control. Since late 1958, a pilot 
plant at UOP has been under on-line control by a Day- 
strom Systems digital, solid-state computer. This recent 
disclosure is the outcome of a 24% year joint study pro- 
gram by UOP and Daystrom. Daystrom has been licensed 
by UOP to make and market control systems developed 
by this joint study program. Reportedly, this system is 
capable of actual on-line control. 


Westinghouse Electric Corp-, Bloomington, Indiana 
Automatic Capacitor Testing. This first installation of 
the Westinghouse “Opcon” optimalizing analog com- 
puter, winner of the 1958 Industrial Science Achieve- 
ment Award (AAAS), has been operating for many 
months, applied to automation of capacitor testing. 
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Developing Mathematical 


Models for Computer Control 


by Dr. David B. Brandon 


The Thompson-Ramo-W ooldridge Products Company 


Los Angeles, California 


ONE OF THE FASCINATING PROBLEMS facing 
the control system designer is the development of com- 
puter control systems for processes. If a predictive con- 
trol scheme (generally employing a digital computer ) 
is planned, the system requires a set of mathematical 
equations, called the mathematical model of the process. 
It serves to interrelate important process variables and 
provide the means for optimizing plant performance. 
The development of a useful model is dependent on the 
combination of information of a quantitative, semi-quan- 
titative, and qualitative nature into an all-encompassing 
set of mathematical equations. The purpose of this paper 
is to describe a method which has been successfully em- 
ployed in establishing the mathematical models of proc- 
esses, and to emphasize that the required equations can 
be written for many incompletely understood processes. 


A relatively small change in the value of process vari- 
ables results in a definite change in production rate, 
product quality, utility use rates, or other key measures 
of operating efficiency. Depending upon the process in- 
volved, the mathematical model fo: a computer control 
system may be linear or nonlinear, and may represent 
steady-state or dynamic process conditions. The choice ot 
a model to be derived depends on the information avail- 
able and the manner in which it will be used. In this 
paper, a nonlinear, steady-state model is developed. The 
computer is able to control a dynamic process with 
such a model by employing it in conjunction with 
process dynamic information already understood and 
presently used by the operators. This combination of 
a steady-state model and process dynamics results in 
a realistic set of equations which are entered into the 
control computer. Dynamic models have also been 
described or inferred'*-** but are regarded as being 
outside the scope of this paper. 


When a significant change occurs in one or more of 
the important operating variables, the operator knows 
the direction and estimates the magnitude of appropriate 
compensating changes, which he then makes to maintain 
production and prevent the plant from going out of 
control. Thus, the operator continuously steers the proc 
ess from one steady-state to another. The mathematical 
model of this kind of plant is derived, at least in parc, 
from the data logged by the operator, thus a steady-state 
model is frequently found to be best for chemical and 
related production units now in service. In the future 
when operating philosophy changes and more is un- 
derstood theoretically and practically about transient 
phenomena, the preferred dynamic models may replace 
present steady-state models. 


An Approximate Model is Sufficient 


The relationships inherent in this model are subject 
to error as are the data from which they would be de- 
rived. However, when the full consequences of a digital 
computer control system are recognized, it is apparent 
that only an approximate model is initially needed. The 
reason is that the computer, in addition to controlling 
the plant, is normally programed to compare its pre- 
dictions (based on this approximate model) with actual 
operations. Any discrepancy between the predicted and 
later measured values (under steady-state conditions) is 
then employed to up-date the model; that is, adjust the 
coefficients in the equations, so that the predicted values 
do in fact equal observed values. This up-dating pro- 
cedure is conducted at sufficiently frequent intervals 
to ensure that the mathematical model will remain 
as close as possible to a representation of the plant. 


1 Superior numbers refer to similarly mumbered references at the end of this 
article. 
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The first model can be obtained only after a de- 
tailed study of the plant as a whole. In particular, it has 
been found that an effective model for control purposes 
may be constructed from equations which express: 

1. the process objective, 

2. material (and heat) balance relationships, 

3. transformation relationships (described below), 

4. constraints and limitations on operations, 

5. a suitable optimizing scheme. 

These topics have been discussed in earlier papers,*:7* 
and will be repeated here only in so far as they are 
directly involved. We shall be most concerned with 
the formulation of an expression for the present steady- 
state transformation relationships, the major bottle- 
necks in the development of the mathematical model. 

The transformation relationships express the essen- 
tial features of the chemical and physical changes oc- 
curring within the bounds of the computer control 
system. They relate the effects of the variables on proc- 
ess performance and provide the basis whereby vari- 
ables, which are controllable, may be manipulated to 
compensate for changes which inevitably occur in the 
uncontrollable variables. Examples of the usual un- 
controllable and controllable variables which are in- 
volved in the transformation relationships are process 
flows, compositions, temperatures, pressures, catalyst ac- 
tivity, feed availability, and product quantity and quality 
requirements. The interrelationships among these vari- 
ables are often only partly understood, which means that 
the operator's decisions are frequently based on informa- 
tion which is qualitative or semi-quantitative at best. A 
few of the presently employed relationships may be 
known quantitatively; but these generally pertain to just 
two variables, resulting in an incomplete mathematical 
description of a system comprised of several independent 
variables. 

A representative transformation relationship for the 
model may be expressed in function form as, 

YT (8a. Va CH.) (1) 
where Y denotes a process parameter such as yield 
of product which is introduced for convenience, and 
v; corresponds to the process variables which a systems 
analysis has shown to be of importance in determining 
process performance. The reason for the choice of a 
particular parameter on the left side of Equation 1 
is clarified by Equation 2, which defines material 
balance in terms of the same parameter. 

Y = g (flows, concentrations ) (2) 
Equation 2 is indicated as a different and well-known 
function g of suitable flows and concentrations. The 
v; in Equation 1 and some of the flows and concen- 
trations of Equation 2 may overlap to some extent, 
but the variables of Equation 1 encompass other quan- 
tities besides flows and concentrations, as listed above. 
Writing the transformation and material balance rela- 
tionships in this form serves to interrelate the two, 
and thus provides the missing link needed for the 
mathematical model. Where by-products are produced in 
the process, at least two independent parameters would 
be involved, with each expressed in terms of material 
balance and transformation equations. 
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With the above functions f and g known, it be- 
comes possible to compute production rate or other 
measures of process performance for any set of oper- 
ating conditions. Further, combining these relation- 
ships with the remaining equations developed during 
a system analysis serves to establish the model. 

This entire procedure hinges on a valid determination 
of the function f in Equation 1. This function may not 
be derived from a theoretical analysis of the problem. 
Rather, it must be expressed empirically, based on a vari- 
ation analysis of appropriate current and historical oper- 
ating data. Standard linear regression methods may be 
used provided that steady-state data are employed ( “aver- 
aged” data are usually not acceptable), and the terms 
expressing essential interactions among variables are 
included. A general regression equation may be written 
for four variables as, 

Y = Cote vit... Hesvet... Hei Vitst+.--. 
$61 5V Vets, (3) 
where the ¢; are constants. 


Graphical Procedure 

As an alternate method: a graphical procedure which 
has been successfully applied will now be described. For 
convenience in evaluating the desired nonlinear func- 
tion, Equation 1 may be written in the form, 

Y=C-filv1): felve) favs)... fal Un) (4) 
with little loss of generality. In Equation 4, C denotes 
a constant corresponding to the average value of the 
parameter Y, and the separated functions f; are multi- 
plicative factors dependent upon the 1;. The values 
of the f; may all be defined to be near unity with 
the variables in their normal ranges. 

The separated f; may be evaluated much more simply 
than the original function f in Equation 1. A non- 
simultaneous procedure is applicable. By plotting known 
values of Y versus 1; for a group of & production runs, 
the relationships between the two quantities may be 
established by drawing least squares. lines or by means 
of any other regression method (not necessarily linear ). 
This determines the function, f;. A new quantity, Y';, 
is next defined as, 

a Y 
1 filvy) 
The values for Y, are determined for each of the & 
production runs which have been included as data for 
the analysis. Thus, a new yield factor is obtained for 
each of the & runs. This residual yield is no longer 
dependent on the variable v,, since by Equations 4 
and 5, 


Y (5) 


Y,=—C-fdlve)-fslvs)..- falta) (6) 
Since Y, is a function of all the variables except v,, 
it is now plotted against one of the remaining vari- 
ables, let us say, wv». This serves to establish a rela- 
tionship between Y, and the variable v,, or in other 
words, it defines the function f,. A new residual yield, 
Y., is determined. 


et vst ) 


! = 
= (/) 
fe(vy) flv) fe 
and 
Ye=—C:fdve)..- Fla) (8) 


7) 

















such that Y, is a function of all of the variables except 
v, and vy. This procedure is coritinued until the last 
residual yield, Y,, is reached where 

Y (9) 





rom filvs)* fave)... fal Un) 
It is observed by a comparison of Equations 9 and 4 
that Y,, is equal to C. Equation 4 is now established. 

In the above discussion, it is tacitly assumed that 
the various functions f; may be determined with sufhi- 
cient accuracy that a valid mathematical model of the 
process may be formulated. The validity of the re- 
sulting model may be tested by making step changes 
in the variables (preferably one at a time) during 
normal operations. The results (production rate, con- 
centrations, etc.) predicted by the model are then 
compared with those observed in the plant. Minor 
adjustments may be made in certain of the coefficients, 
if warranted, so that the model will be a close equiv- 
alent of the process. 

It is most important that the relationships of Equa- 
tion 4 (also Equations 1 and 3, for that matter) re- 
flect essentially all of the pertinent existing knowledge 
about the process. This knowledge is incorporated by 
taking into account two factors relating to the manner 
in which the plant is presently run. The first factor 
stems from the customary operation of the plant within 
a rather small area. This exerts a linearizing influence 
which may be used to advantage. In many cases, the 
functions f; may be approximated quite closely by lin- 
ear relationships. This by no means assumes that the 
nonlinear process is a linear one, as the f,; are multi- 
plicative factors which when taken together express 
this lack of linearity. The choice of linear f; in most 
cases simplifies their evaluation. All of the separated 
functions may be assumed to be linear except when 
theory or experience dictates to the contrary. When 
such occurs, the known nonlinearity may be built into 
a particular f;, such as by expressing it as an exponen- 
tial, a reciprocal, or a power series in a v;. The co- 


TABLE 1—OBSERVED DATA 


Run Y v, vy uv, "5 
| 0.87 0.2 26 42 1 
2 0.93 0.6 22 4.1 15 
3 0.96 0.9 21 4.3 35 
4 0.94 1.0 19 3.7 40 
5 0.93 0.8 25 4.4 50 
6 0.89 05 23 4.5 75 


TABLE II—CORRELATION DATA 


Run Y¥, fi(v:) Y1 fe(ve) Ye falvs) Ys flv) Vy 
1 0.949 0.943 1.006 0.990 1.016 0.996 1.020 1.024 0.996 
2 1.007 0.992 1.015 1.004 1.011 0.991 1.020 1.019 1.001 
3 1.044 1.028 1.016 1.008 1.008 1.001 1.007 1.005 1.002 
4 1.026 1.040 0.986 1.014 0.972 0.970 1.002 1.001 1.001 
5 1.007 1.016 0.991 0.994 0.998 1.006 0.992 0.994 0.998 
6 0.968 0.980 0.988 1.001 0.987 1.012 0.975 0.977 0.998 





rABLE III—SUMMARY OF RESULTS 


f:i(v,) = 0.921 + 0.119v; 
f:(v2) = 1.079 — 0.003410, 
f:(vs) = 0.775 + 0.0525v; 
f:(v.) = 1.029 — 0.000377v, 
Y = 0.92 - f:lve) * fe(v2) * fs(vs) ° f,(v,) 
Y = 0.728 (1 + 0.129v,) (1 — 0.00316v.) 
(1 + 0.0678v;) (1 — 0.000368v,) 
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efficients are evaluated in this case, given the form 
of the function f,. 

The second factor pertains to the wealth of ex- 
perience which may have been established during the 
operation of the unit. As this most often is of a quali- 
tative or semi-quantitative nature, it is not readily 
formulated in strict mathematical terms. However, good 
use of this information is made in assessing what in- 
dependent variables are involved and the manner in 
which they should be expressed, the relative magnitude 
of their effect on each parameter, and the sign of the 
slope to be expected when the parameter is plotted 
against these variables. 


Illustrating the Graphical Method 


The described graphical method is illustrated by de- 
veloping a yield function of four independent variables. 
Data are given for six selected, typical, steady-state 
runs including each variable at the extremes of and 
at several levels within its normal range. Equation 10 
expresses the desired relationship, 


Y=Cfi(vs): fale) fos) firs) (10) 
The observed data are listed in Table I. Rather than 
plotting the observed yield, Y, this quantity was re- 
placed by a normalized yield, Y,, which is defined by: 


Y= (1) 


where Y refers to the average yield. After following 
through the outlined procedure assuming linear func- 
tions f;, the correlation data of Table II are obtained. 
The four plots are presented in Figure 1. In each case, 
the regression line has been drawn subjectively, being 
based on the positions of the individual points and 
the known sign of the slope of each line. A summary 
of the results appears in Table III. 

The last residual yield, Y,, of Table II should be 
unity under ideal circumstances. In this example, per- 
fection was almost achieved. However, experience has 
shown that a considerable deviation from unity of the 
last residual yield may be tolerated. The magnitude 
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Figure |. Four plots of 
yield factors for four 
independent variables 
for six steady-state 
runs. Data are shown in 
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of this tolerance will depend upon the particular situ- 
ation. It appears that the main requirement for this 
result to be useful in a computer control system is in- 
ternal consistency, rather than precision. The initial 
approximate mathematical model will naturally im- 
prove owing to the self-checking and up-dating rou- 
tines normally included as part of the computer pro- 
gram. The last equation of Table III corresponds term 
by term (after the indicated multiplications are carried 
out) to Equation 3. This equivalence is not obtained 
owing to the fact that at least one of the f; is nonlinear. 


Developing mathematical models of industrial proc- 
esses is a very time-consuming task, requiring consid- 
erable effort from scientists and engineers familiar 
with industrial processes and computer control systems. 
Because of the limited quantity of information on 
which mathematical models may currently be based, 
it is felt that this technique will serve as one practical 
means of arriving at the desired end result. 
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Optimizing Control 


by Model Methods 


by I. Lefkowitz and D. P. Eckman 
(ISA Members) 
Case Institute of Technology 
Cleveland, Ohio 


OPTIMIZING CONTROL has as its principal ob- 
jective the maintenance of the optimum performance 
of a multi-variable system subject to both disturbing 
and constraining influences. In order to achieve a de- 
sired behavior, the system performance criteria must 
be defined. Optimum performance can then be achieved 
by either of two basically different methods: one, a 
direct approach in which the output performance is 
compared with the input manipulation to determine 
the system behavior and thus provide the direction for 
optimizing control of the system: this may be done 
with or without a perturbation or test signal; two, a 
model method in which the model provides the basis 
for analytical definition of the optimizing control con- 
ditions for the system. The model is manipulated such 
that its behavior agrees with behavior of the system. 


The development of reliable computer techniques 
in both analog and digital form have made it possible 
to consider much more complex working methods in 
automatic control than the conventional proportional, 
integral and derivative effects. These methods include 
nonlinear and higher order control functions, applica- 
tion of filtering, prediction and correlation techniques, 
repetitive computer methods, etc. 


Performance Computation 


The system under control can generally be described, 
as in Figure 1, as having & outputs under the influence 
of i independent inputs (determined by factors ex- 
ternal to the system under consideration), and under 
the influence of j dependent inputs which may be 
manipulated. 

The system presumably is put into use with the 
outputs forming a valuable product or service. It is 
assumed that the utility can be judged by some ap- 


propriate method so that the performance of the sys- 
tem can be computed. 

There are two general methods of specifying per- 
formance and these are first, economic and second, 
technical. Economic performance is often expressed as 
a linear combination of system variables 

p= i Kim; The + = Kigx 
i k 


where = performance criterion 
#;, = independent input variables 
m, -= dependent (manipulated) input variables 
qx = system output variables 
K;, K;, Kx = appropriate profit or cost coefficients 
On the other hand, technical performance is often 
specified in such terms that an optimum or best value 
may exist. For example, in many industrial processes, 
bp = fl mj, wi, qx). 
The necessary conditions for the optimum are deter- 
mined by setting 
OP 
Om; 
Constraining influences are very important and it 
is often necessary to subject the control system to 
bounds of the form, 
On << On 
or of the form 
Gx = (41, G2,--+) 
These constraints often make it necessary to find system 
performance at a limit which is in turn a function of 
other variables. The performance computer of Figure 1 
is employed to compute the necessary functions and ob- 
tain the variable p on which to base system control. 


TS ON, Ma al — O Uh se 2, 2,» « op 


Direct Optimization 


Direct optimization proceeds with a minimum of 
knowledge about the system under control. As shown 
in Figure 2, the optimizer receives data on the varia- 
tions in the manipulated variables m,; and the resulting 
changes in performance p and in turn manipulates 
each of the m; inputs in the indicated direction for 
improving the performance. Sometimes a perturbation 
or test signal is employed to initiate changes upon 
which the control measurements are based. 
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Direct optimization is thus exploratory or experi- 
mental in nature in that the result of each manipulation 
is assessed and another manipulation is made. These 
may be done sequentially or simultaneously in a num- 
ber of manipulated variables, depending upon the type 
of exploring scheme in use. 

The direct method may be achieved through con- 
tinuous measurements or by the use of sampled and/or 
quantized data. In either case, the general principle 
of the optimization system may be the same. 

Model methods provide an alternate approach to 
optimizing control. In general, the necessary conditions 
for optimum performance of the system under control 
are determined on the basis of an appropriate system 
model. The model may form an integral part of the 
control system or it may only be present in concept. 
It may range from some physical simulation or analog 
of the process to a mathematical abstraction manifested 
as a set of equations or a multi-dimensional surface 
describing the system behavior. 


Predetermined Optimization 


If the model is complete and exact, then the condi- 
tions for optimization can be determined completely 
and exactly. In particular, these conditions may be 
predetermined for any given set of constraints and 
boundary conditions. 

A conceptual approach to Predetermined Optimiza- 
tion is given in Figure 3. An optimizing computer 
determines paths or functions for the manipulated vari- 
ables, m,;, based on the predicted behavior of the system 
as described by the model variables, w;. The actual 
behavior of the system is described by ¢,; system per- 
formance is then gauged in terms of the ¢, variables. 

It is apparent that, once computed, the optimizing 
conditions can be stored on punched-tape, magnetic 
drum or even, in the simple two-dimensional case, on 
a mechanical cam. The system variables are then mani- 
pulated according to the playback of the appropriate 
stored program. Note that in systems manually oper- 
ated or supervised, the operator is often guided by a 
predetermined optimizing program stored graphically, 
in tabulated form or stored mentally as experience. 

The control scheme described above is essentially 
open-loop; ie., there is no feedback of information to 
verify either that the resulting system performance is 
as specified, or that the modei accurately describes the 
system behavior. Accordingly, if there are any factors 
tending to cause the system to deviate from the model 
as, for example, the influence of disturbances uj, the 
system performance may be expected to deviate from 
the computed optimum. 


Repetitive Computed Optimization 


The predetermined optimization concept is modified 
by repetitive feedback of information describing the 
state of the system. Thus, as shown in Figure 4, the 
qx variables are per‘odically sampled into the optimiz- 
ing computer providing the basis for repetitive re- 
computation of the optimizing conditions. In this way, 
each computation is based on the most recent informa- 
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Figure 4. Repetitive computed optimization. 











tion describing the state of the process. As a result, 
deviations of the system from the postulated model do 
not cause cumulative errors. The repetitive computer 
action tends to force the system to the desired perform- 
ance despite significant inadequacies of the model. 


Self-Checking (Adaptive) Optimization 

In practical applications of optimizing computer con- 
trol, it is expected that the postulated model will deviate 
significantly from the actual system behavior. There 
are several reasons for this: 

1. Not enough is known about most industrial proc- 
esses to derive a complete and accurate analytical 
representation. Indeed, plant design and operation 
are generally based on very approximate and em- 
pirical relationships. 

2. The complexity of most processes preclude very 
great detail in the formulation of the mathematical 
model because the resulting computer capacity 
would be prohibitive. 

3. Many variables affecting process behavior cannot 
be satisfactorily measured with existing instru- 
mentation (e.g., catalyst activity); hence, they 
cannot be employed directly in the computer con- 
trol function. 

4. The state of the process can be specified only 
within statistical limits because of non-homo- 
geneity. random fluctuations of measured quanti- 
ties, etc. 

An essential adjunct to the concept of process op- 
timization by computer control is a means of adapting 
to this purpose, relationships which are neither exaci 
nor complete. Inadequacies of the model are com- 
pensated, in part, by the repetitive control technique 
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7 _" Repetitive computed optimization with 
ecking. 


described in the preceding paragraphs. However, the 
effectiveness of such compensation depends on the na- 
ture and degree of approximations in the model and 
is limited by such factors as the repetitive period, lags 
and dead-time in measurements, bounds on the mani- 
pulated variables, etc. 

The self-checking concept is designed to increase 
the effectiveness and range of applicability of the 
repetitive computer control action by periodic adjust- 
ment of the mathematical model in accordance with 
observed process behavior. The actual processing path, 
defined by the state variable ¢;(t), is compared with 
the path specified by the model under the same op- 


erating conditions in terms of the variables, w,(t). 


Deviations between the two paths are employed as 
error signals to correct the parameters of the model 
such that process behavior is adequately described in 
the vicinity of the operating point. A schematic repre- 
sentation of the self-checking concept is shown in Fig- 
ure 5 where it is presented in the form of a second 
feedback around the repetitive control loop. 

The self-checking technique introduces an element 
of flexibility in the overall design of the computer 
control system. The model may be intentionally simpli- 
fied so as to reduce the size and complexity of the on- 
line repetitive optimizing computer at the expense of 
the self-checking facility. In general, as the model be- 
comes less accurate, either the parameters must be ad- 
justed more frequently to maintain a given performance, 
or additional adjustable parameters must be introduced. 
It is expected, however, that the overall computer re- 
quirements can be minimized by a judicious com- 
promise; in particular, the model may advantageously 
describe only the dominant first order effects relating 
those variables which change rapidly relative to the 
process dynamics. The self-checking computer may then 
be a large general purpose machine, time-shared. 

Application of self-checking raises questions of dy- 
namic stability of the feedback loops, convergence of 
the parameter correcting operations and validity of the 
resulting mathematical model. There are also limita- 
tions imposed by the accuracy with which the state 
of the process can be described to the computer and 
the speed with which parameter corrections can be 
computed and applied relative to the rate of change 
of the parameters. Random errors in measurement lead 
to false and inconsistent parameter adjustments which 
must be minimized through statistical smoothing and 
interpretation of the measured data. There is indeed 
a close relationship between the order of approxima- 
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tion of the model and the information rate required for 
adequate self-checking. 


Optimizing Control of A Batch Chemical Process 


The model method concept has been applied to 
the optimizing control of a batch chemical process. 
Successive application to a pilot plant hydrogenation 
reactor is described in references (4) and (5). Ex- 
tensive studies were also made on the computer control 
ot a simple prototype process simulated on mechanical 
and hydraulic analogs (see references (4) and (6) ). 
A brief description of this process is presented below. 

The reaction mixture is made up of three chemical 
components identified as X, Y, and Z. Hydrogen under 
pressure and in the piesence of catalyst reacts with 
X and Y according to the following reaction scheme: 

k, 
X+H, -Y 


ke 
Y+H, -Z 
where £, and &, represent kinetic reaction coefficients. 
A reasonable approximation to the kinetic behavior 
of this process is given by the equations, 
dx 


eines Mal = (la) 
Y= kyx— hay (1b) 
x+y+z=1 (Ic) 


where x, y, z represent molar concentrations of com- 
ponents X, Y, Z, respectively. 

The kinetic coefficients are functions of the oper- 
ating conditions: pressure, temperature, catalyst, agita- 
tion, etc. Assuming only pressure is to be manipulated 
and that all other influencing factors are relatively 
constant, the coefficients may be expressed, 

ki =A, p"' (2a) 

ke =A, p*? (2b) 
where A;, Az, N;, Nz are assumed constant 

p = process pressure. 

Based on a mathematical model consisting of Equa- 
tions 1 and 2, the necessary conditions for optimum proc- 
ess performance may be derived. In the particular 
case under study, control to a specified product com- 
position consistent with minimum processing time is 
established as the performance criterion. 

It is convenient to transform the above equations to 
new variables, w, v and & defined as follows: 


u=y/x (3a) 

v = log, xo/x (3b) 
i ee a Bens 3, 

gin ex’ “eh se 


Making the substitutions in Equation la and b, a single 
equation defining the processing path independent of 
the time variable is obtained: 
= (1— bw $1 (4) 
Since the kinetic coefficient ratio, &, may be varied 
during the course of the reaction by manipulating the 
pressure (Equation 3c), there are an infinite number 
of operating paths which can satisfy the boundary con- 
ditions (xo, Yo, Zo) representing the initial composition 
and (xy, y/, 2;) representing the desired final composi- 
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tion.* This degree of freedom permits the introduction 
of an optimizing condition. Assuming that the process- 


of a control path which will minimize the time to go 
from the raw material state to the desired product state. 

An expression for the processing time, ¢,; is derived 
from Equations la, 2a, 2b, 3b, and 3c: 


ty AS k-*dv (5) 
oe 
where A=| 4a | N2—N1 


B=N,/(N:—N;) 
The necessary condition for minimizing the above in- 
tegral is supplied by the calculus of variations. Apply- 
ing the Euler-Lagrange equation, 
Ofte) 4 Offe) _ 
Ou(v) dv Ou’(v) 
where f(v) —k'—*® 





oe... 
~ dv 
the following optimizing equation is obtained: 
dk lk 
ree i (6) 


The optimizing computer is programmed to solve 
Equations 5 and 6 simultaneously for the given bound- 
ary conditions (%,, 0), (uy, v;). 

If Equations 1 and 2 described the process behavior 
exactly, then one computation based on Equations 5 
and 6 and the specified boundary conditions would 
suffice to define the optimum control path, p(t). Thus, 
the p(t) schedule could be recorded on tape or other 
storage medium and played back through appropriate 
transducers and pressure controller to manipulate the 
process pressure according to the schedule. In the ex- 
ample under consideration, however, the model only 
approximates the process kinetics because of the ne- 
glect of such factors as variations in catalyst activity, 
other components in the reaction mixture, higher order 
terms in the kinetic equations, etc. Open-loop control 
of the process would lead, therefore, to very significant 
deviations from the desired end-point. 

The repetitive control concept was applied here. 
Equations 5 and 6 are solved for the optimum control 
path leading from the current state of the process 
(based on the most recent composition measurement 
of the reaction mixture) to the specified final com- 
position. Thus, each time a new composition measure- 
ment is made available to the computer, a new control 
path is computed. This technique was demonstrated to 
be very effective in forcing the process to the prescribed 
performance. 


Self-Checking Offers Advantages 


Application of the self-checking concept to this sys- 
tem is currently being implemented. It is assumed, in 
this approach, that the inadequacies of the model may 


be absorbed in the parameters of Equations 2a and 2b . 


* In terms of the u, v coordinates, these boundary conditions are expressed 
as (u,, 0) and (uy, v,), respectively. 
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Specifically, the model deviates from the observed proc- 
ess behavior because of variations in catalyst activity, 
systematic errors in composition measurement, sup- 
pressed higher order terms in the kinetic equations, 
neglected components of the reaction mixture, etc. It is 
assumed, however that these “disturbances” cause only 
a slow drift af the model and may be adequately com- 
pensated within a given operating region by appropri- 
ate adjustment of the parameters, A;, Az, N; and Ng. 
Thus, the actual composition paths x(t) and y(t) are 
compared with the paths predicted by the model; the 
parameter values are adjusted periodically such as to 
minimize the discrepancy between these paths. 

There is a significant random component of error 
in the composition measurement introduced by the 
sampling operation and by the sensitivity limitations 
of the analytical instruments. A statistical smoothing 
technique is coupled with the self-checking operation 
in order to filter out the random fluctuations in the 
composition data while retaining the trend. Also under 
consideration are means of weighting the data to account 
for the model changing with time. 

The combination of repetitive computer control and 
self-checking provides the basis for wide practical ap- 
plicability of the model approach to optimizing control. 
In particular, the control effectiveness becomes very 
much less dependent on the accuracy or completeness 
of the model employed, providing there is an adequate 
information feedback to the control computer. Thus, 
optimizing control for very complex systems may be real- 
ized with computer control with economic justification. 
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Optimizing Control 
by Automatic Experimentation 


by Robert Hooke and R. I. Van Nice 
Westinghouse Electric Corp. 
Pittsburgh, Pennsylvania 


IN A CONVENTIONAL FEEDBACK control sys- 
tem the actual value of the quantity to be controlled 
is compared with the desired value of this quantity 
(set point), and the control system operates to reduce 
any differences (or reduce error signal) with allowable 
tolerance. Controls of this type are widely «sed in 
the processing industries to maintain pressure, flow, 
temperature, level, etc. Despite the fact that such 
processes are completely instrumented and set points 
are maintained, the operation is not quite automatic. 
A human operator is needed for start-up, emergencies, 
shut-down, and to make minor adjustments to meet 
changing conditions. Since it is generally recognized 
that process operations might be improved by proper 
coordination of many set point values, and thus op- 
timize control, the operator is an optimizing control, 
as he attempts to change settings for changing condi- 
tions. He, however, is seldom given the opportunity or 


proper information to seek optimum settings for a com- 
plex control system. 

An optimizing control system can be termed a sys- 
tem which attempts to get the best performance from 
a plant or process according to a criterion such as 
maximum production or minimum unit costs. It can 
do this by adjusting the input variables, noting the 
effect on performance criterion, and deciding on a logical 
basis what changes of input variables should be made. 
The purpose of such a control is to provide adaptability 
to changes in external conditions which may be un- 
trollable, unmeasurable, or unknown. The Westinghouse 
Opcon control system basically duplicates the informed 
behavior of a human being in controlling industrial 
processes, with simplicity and unsophistication. Opcon 
control differs from the digital computer equation solv- 
ing procedure in that it uses the process itself rather 
than a mathematical model in its search for optimum 
conditions. As a part of simplicity, the Opcon control 
makes no attempt to interpret “trends”. Once optimum 
conditions are found, it compensates for drift caused by 
uncontrolled variables by continual search. ' 

Previous thinking in the field of optimizing contro! 
has been characterized by: the one-variable-at-a-time 
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Figure 1. OPCON operation is illustrated by this 
problem. Let X and Y be the controlled variables, 
and let the maximized output be represented by 
contour curves (100 is optimum). The controlled 
variables are set arbitrary values (P.) and the 
resulting output is a point on contour 30. The 
variables are changed to P; and new output is 
compared with P.. The next change depends on 
whether P, is greater or less than P.. Changes are 
kept within reasonable limits to prevent serious 
deterioration in the output, with the restriction 
that earlier moves are large enough to insure that 
a highly profitable possibility is not overlooked. 
Successive moves are made according to a built-in 
strategy (P, to P:, then P: to Ps, etc.) with eval- 
uation after each move, and with adjustments as 
the optimum is approached. When the optimum is 
apparently reached, experimentation stops and 
periodic tests are made with inputs fixed at their 
optimum settings. When significant changes occur, 
the whole procedure is repeated. 
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Figure 2. Schematic diagram of a process with two 
controlled variables and three outputs which is 
optimized for maximum profit by OPCON control. 
Inputs X and Y are controlled by set point con- 
trollers. The three outputs Z,, and Z. and Z; are 
measured and the signals fed to a special purpose 
analog computer. Also the magnitude of input Y 
and cost inputs A, B and C are fed to this com- 
puter which solves the profit equation for the 
process. The equation is relatively simple and 
does not involve the process equations. The com- 
puter output to the OPCON control is a voltage 
proportional to operating profit and is the value 
which the control maximizes, by adjusting set 
points of the two flow controlled variables through 
strategic experimentation as described in Figure 1. 















































approach, the feeling that continuous sensing is nec- 
essary, a tendency to try to solve completely nonlinear 
problems by starting with linear approximations, and a 
general attempt at great sophistication in making use 
of information. Most applications involve more than 
one input variable and these variables interact, that is, 
the optimum level for one variable depends on levels 
of the others. Under such circumstances, it is a well- 
known fact in the theory of design of experiments 
that experimenting only with one variable at a time 
is ineficient and often doomed to failure. Further, in 
many processes the sensing could take place only at finite 
intervals, so that a discrete system would be more 
desirable than a continuous one. The continuous ap- 
proach to a problem is more likely to succeed when 
it is suggested by essential continuity of the situation 
than when it is dictated by the engineer's false impres- 
sion that mathematics begins and ends in the theory of 
calculus and differential equations. 

The method of solving nonlinear problems by be- 
ginning with linear approximations and making subse- 
quent adjustments is a time-honored procedure, and 
can be quite successful when the nonlinearity is minor. 
When the nonlinearity is at the very heart of the prob- 
lem, as it is in the optimization problem, this is no 
longer the case. It is logical to resist the temptation to 
compute derivatives and make inferences from them. 


Built-in Strategy 

In seeking an optimum condition the Opcon makes 
discrete steps in the values of the process variables, 
rather than continuous changes. A strategy is built into 
the machine for experimenting with the process to 
determine optimum settings. As Figure 1 shows, the 
optimum condition in a two variable system is deter- 
mined by strategic adjustment of controlled variables 
and evaluation of the process output as a result of 
these changes. This procedure is adaptable to processes 
where the output can be measured infrequently, for 
example once an hour. It can also be used in problems 
where the output is essentially continuous, such as 
electrical systems. The discretely-made output measure- 
ments are simply made with greater frequency. 

Figure 2 shows how an automatic experimentation 
type control is employed to optimize a process with 
two controlled variables and three outputs. Note that 
a small analog computer is used to calculate the maxi- 
mum profit equation, since the Opcon does not contain 
any numerical computation ability. The control unit 
is a logic system using transistor circuits. Figure 3 is 
a block diagram of the control unit. The basic logic 
circuit is a p-n-p transistor. These are assembled on 
printed circuit boards in various combinations to per- 
form any logic function. Flip-flops are used for memory 
storage in the control unit. 





Figure 3. Block diagram of OPCON optimizing 
control. When it is time for a move, the incoming 
signal z feeds into the storage and comparator, 
where it is compared with the last best value of 
z. The “higher” or “lower” signal from the com- 
parator goes to the logic unit. Here this signal 
plus information from past moves is used to make 
a decision as to which variable is to be moved, 
and its magnitude and direction. This signal goes 
to the proper pulse generator, where it is con- 
verted to series of pulses. The counter and de- 
coder takes the pulse and produces an output 
voltage or current level going to controller set 
points. With new set points there is a new value 
of z. If the move is successful, the logic provides 
an open gate signal, and the new value of z is 





put into storage. If a failure, the old value of z 
is retained in storage, waiting for comparison 
with the next move. 
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PROCESS COMPUTER CONTROL 





GLOSSARY OF COMPUTER TERMS 


ACCESS TIME. The time interval between 
calling for information from storage and 
its delivery (read time); or between in- 
formation delivery and actual storage 
(write time). 


ACCUMULATOR. The zero-access register 
(and associated equipment) in the arith- 
metic unit in which are formed sums and 
other arithmetical and logical results; a 
unit in a digital computer where num- 
bers are totaled, i.e., accumulated. Often 
the accumulator stores one quantity and 
upon receipt of any second quantity, it 
forms and stores the sum of the first and 
second quantities. 


ADDRESS. A label such as an integer 
which identifies a register, location, or de- 
vice in which information is stored. 


AMPLIFIER, BUFFER. An amplifier used 
to isolate the output of any device, e.g. 
oscillator, from the effects produced by 
changes in voltage or loading in subse- 
quent circuits. 


BINARY. A characteristic or property in- 
volving a selection, choice or condition in 
which there are but two possible alterna- 
tives. A binary digit is a single digit or 
whole number in the binary scale repre- 
senting the total, aggregate or amount of 
units utilizing the base two; using only 
“0” and “1” digits to express quantity. 
“Bit” is the abbreviation for this term. 


BRANCH. A conditional jump in a pro- 
gram that causes the computer to make a 
proper choice as a result of comparison 
during computation. 


BUFFER. A circuit having an output and 
a multiplicity of inputs so designed that 
the output is energized whenever one or 
more inputs are energized. 


CHANNEL. A path along which informa- 
tion, particularly a series of digits or char- 
acters, may flow. In storage, which is 
serial by character and parallel by bit 
(e.g., a magnetic tape or drum in some 
coded-decimal computers), a channel com- 
prises several parallel tracks. In a circu- 
lating storage a channel is one recircu- 
lating path containing a fixed number of 
words stored serially by word. 


CODE, INSTRUCTION. An artificial lan- 
guage for describing or expressing the 
instructions which can be carried out by 
a digital computer. If more than one ad- 
dress is used, the code is called a multi- 
ple-address code. 


CONSTRAINTS. Upper and lower bounds 
on process variables determined by equip- 
ment limitations, safety considerations, 
product specifications, etc. 


CONTROLLABLE VARIABLES. Quantities 
which are subject to direct manipulation, 
such as temperature, pressure, flow, and 
level. 


CORE, MAGNETIC. A magnetic material 
capable of assuming and remaining at one 
of two or more conditions of magnetiza- 
tion, thus capable of providing storage, 
gating or switching functions, usually po- 
larized by electric currents carried on 
wire wound around the material. 
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DRUM, MAGNETIC. A rotating cylinder 
on whose magnetic-material coating in- 
formation is ..ored in the form of mag- 
netized dipoles, the orientation or polarity 
of which is used to store binary infor- 
mation. 


FLIP-FLOP. A device having two stable 
states. The circuit remains in either state 
until caused to change to the other state 
by application of a corresponding signal. 


GATE. Logical circuit with one output and 
multiple inputs in which the output is 
energized when and only when certain 
input conditions are met. 


INSTRUCTION. A set of characters which 
defines an operation together with one or 
more addresses (or no address) and which, 
as a unit, causes the computer to operate 
accordingly on the indicated quantities; 
preferable to the terms “command” and 
“order”. 


INTERMEDIATE VARIABLES. Quantities 
whose values depend on values of both 
controllable and uncontrollable variables, 
such as concentrations, yields, and effi- 
ciencies. 


JUMP. An instruction or signal which, 
conditionally or unconditionally, specifies 
the location of the next instruction and 
directs the computer to that instruction. 
A jump is used to alter the normal se- 
quence control of the computer. 


LOGIC. The science of the formal prin- 
ciples of reasoning; the basic principles 
and applications of truth tables, gating, 
interconnection, etc. required for arith- 
metical computation in a computer. 


MATHEMATICAL MODEL. A set of rela- 
tionships by which process behavior can 
be predicted. Models may be steady-state 
or dynamic. 


MATRIX. An array of circuit elements; 
diodes, wires, magnetic mores, relays, etc. 
which are capable of performing a specific 
function, such as conversion from one nu- 
merical system to another, and for encod- 
ing and decoding. 


OBJECTIVE FUNCTION. A quantity, such 
as profit, production rate, or costs, to be 
maximized or minimized by a computer 
control system. 


ON-LINE OPERATION. System in which 
input data is fed directly from the meas- 
uring devices into the computer with re- 
sults being obtained in real-time during 
the progress of the event. 


OPTIMIZATION. A procedure by which a 
process is continually adjusted to the best 
available set of operating conditions, i.e., 
that combination of process variables 
which provides the maximum (or, mini- 
mum) value of the objective function at- 
tainable at any particular time in view 
of the process constraints. 


OVERFLOW. In an arithmetic operation, 
the generation of a quantity beyond the 
capacity of the register or location which 
is to receive the result. 


PARALLEL. Handled simultaneously in 
separate facilities; operating on two or 


more parts of a word or item simulta- 
neously; contrasted with serial. 


PARITY. Condition of a binary code in 
which the total number of 1's is always 
either odd or even. 


PROCESS DYNAMICS. Characteristics of 
a process which determine its behavior 
as a function of time, commonly specified 
by its response to specific disturbances. 


PROGRAM. A plan for the solution of a 
problem consists of planning and coding, 
including numerical analysis, systems 
analysis, specification of printing formats, 
and any other functions necessary to the 
integration of a computer in a system. 


RANDOM-ACCESS. Access to storage un- 
der conditions in which the next position 
from which inforiaation is to be obtained 
is in no way dependent on the previous 
one. 


REGISTER. The hardware for storing one 
or more computer words being manipu- 
lated. Registers are usually zero-access 
storage devices. 


ROUTINE. A set of coded instructions 
arranged in proper sequence to direct the 
computer to perform a desired operation 
or series of operations. 


SERIAL. Handle one after the other in a 
single facility, such as transfer or store 
in a digit by digit time sequence. 


STORAGE. Preferred to memory; any de- 
vice into which units of information can 
be copied, which will hold this informa- 
tion, and from which the information can 
be obtained at a later time. 


STORAGE, CIRCULATING. A device using 
a delay line, or unit which stores infor- 
mation in a train or pattern of pulses, 
where the pattern of pulses issuing at the 
final end are sensed, amplified, reshaped 
and reinserted in the delay line at the 
beginning end. 


TRACK. In a serial magnetic storage ele- 
ment, a single path containing a set of 
pulses. 


TRANSFER. To copy, exchange, read, 
record, store, transmit, transport, or write 
data; to change control; to jump to an- 
other location. 


UNCONTROLLABLE VARIABLES. Quan- 
tities over which little or no control can 
be exercised, such as ambient tempera- 
ture, raw material characteristics, or mar- 
ket conditions. 


WORD. A set of characters which occu- 
pies one storage location and is treated by 
the computer circuits as a unit and trans- 
ported as such; treated by the control 
unit as an instruction, and by the arith- 
metic unit as a quantity. 


Above terms adapted from a prelimi- 
nary listing in “Communications of the 
Association for Computing Machinery”, 
June, August, Sept., Oct., Nov., 1958; also 
from The Thompson-Ramo-Wooldridge 
Products Co. and Daystrom Systems. 
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Utility Management Wants 


Automated Generating Plants 


MOST OF THE 300 ENGINEERS attending the 2nd 
Annual ISA Power Symposium in Kansas City, May 
11-13, were there for one reason—their management is 
now vitally interested in the fully automated steam gen- 
erating station. Representing every state in the Union 
and a number of foreign countries, they listened intently 
to the papers and discussions on computer control, fully 
automated start-up, and performance of data loggers. It 
was obvious that many did not know much about those 
subjects, but they had an assignment from the boss, and 
they lost no time in soaking up the flow of information 
which came out of the 2nd Annual ISA Power Sympo- 
sium. 

Bill Summers of Ebasco Services lived up to h’s re>u- 
tation and held the audience spell-bound during his pre- 
sentation of “Automatic Starting of Boilers and Turbine 
Generators”. This paper was a continuation of the paper 
by Summers given at the 1958 153A Power Conference 
in New York, in which he disclosed some of the long 
range objectives for fully automatic power systems. This 
1959 paper got down to cases, with a detailed discussion 
of the plant portion of the system. While Ebasco is do- 
ing outstanding work in automatic power systems, this 
paper was prompted by the contract they now have with 
Louisiana Power and Light Company to design a fully 
automatic station for the new gas-fired Little Gypsy in- 
stallation. Daystrom has the contract for data handling 
equipment and the control computer. Summers detailed 
the step-by-step sequence of events in starting cold a 
turbine oil pump, a mill and feeder, and the tie berween 
the master computer controller and the sub-loop for 
combustion control in a coal fired plant. 

The logical procedure for a boiler start-up requires 
thousands of steps just to delineate each basic question, 
each decision, each instruction, and each result. To pro- 
gram for a computer and fully automatic equipment re- 
quires even more numerous details. Summers says “Our 
biggest problem is mot in automation technique, not in 
reliable inputs, mot even in precise codifying—rather, in 
the recognition of the vital importance of every single 
detail. The plant of tomorrow will automatically monitor 
its own Operation, correct its own deficiencies, record its 
own acts, and retransmit its actual operation, perform- 
ance and historical data.” I he problems of the automatic 
power plant are here now; they will require the closest 
integration of every man making a contr_bution to its 
design, construction and operation. 


Performance of Data Logger at Sterlington 


In the Spring of 1958 a Daystrom Operational In- 
formation System was installed at Sterlington Station 
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of Louisiana Power and Light Company. The system is 
composed of transducers with a maximum of 40 milli- 
watts input; a multiplexing system of 350 mercury wet- 
ted relays; analog-to-digital converter; core memory; 
digital computer power supplies; and input-output hard- 
ware. Its function is to integrate and average 23 points; 
hourly log 100 points; daily log 33 points; and scan 216 
points on two gas-fired steam generator units. This in- 
formation is used for operating guides and alarm. Joseph 
A. Reine, Jr. of LP & L discussed the performance of 
this system at the ISA Power Symposium in Kansas 
City. (See ISAJ, Oct. 58, Page 32) 

First use of the system was to check 656 boiler tem- 
peratures during final adjustment of air flow vanes. It 
was used by manufacturers to check and calibrate boiler 
instruments for maximum operating efficiency. The 
chief advantages were faster readings, elimination of 
human errors in testing, and more accurate readings. 
This data logger serves exceedingly well as a “watch 
dog”—it instantly spots trouble and lets the operator 
know equally as fast. Operators can pick up trends and 
make adjustments with convenience and speed by use of 
current information. Data sheets are used for accounting, 
efficiency studies, billing and load dispatching. Two gen- 
erating units are operated by five men—two in control 
room, a shift supervisor, and two roving auxiliary op- 
erators. 

In Reine’s words, “The data logger at Sterlington is 
just a beginning. Our plant was a research project for 
power plant data collection. From the problems and ex- 
periences with this job will come a fully automated 
power plant. It is nearer than we think, for our Little 
Gypsy Station is scheduled to be in operation in 1961 
and controlled entirely by a solid state computer.” 

As “the first” this installation had its problems, to be 
expected of any new operation. Accidental, 110 volts 
were impressed on a lock-out relay, causing considerable 
trouble in terms of time to locate damage in the com- 
puter. An isolating input device was designed. Over- 
range inputs damaged the galvanometer of the A D 
converter. There were mechanical troubles with log sheet 
print-out devices. Bad diodes caused erroneous readings, 
and some open circuits developed from loose tapered 
pin connections. Most of the problems have been solved. 
Louisiana Power and Light management is apparently 
well satisfied with the performance of high speed data 
logging equipment. 

A panel discussion on data logging received unusual 
attention. Participating were representatives of Bailey 
Meter Company; Beckman Systems Division; Daystrom 
Systems; Fischer & Porter; Hagan Chemicals & Con- 
trols; Minneapolis-Honeywell; and Panellit Inc. 
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Showcase 


Here is the advance program for the 14th Annual ISA Instrument-Automation 
Conference and Exhibit. It will be held in Chicago, September 21 through 25. 
A more complete advance program, listing speakers and events not now available 
for publication, will be ready at the end of July. You can obtain your copy of this 
complete advance program from the Conference Registrar, ISA, 313 Sixth Ave., Pitis- 
burgh 22, Pa. 

| The technical sessions, workshops and clinics will be in the Palmer House and 
Morrison Hotels. The Exhibit will be in the International Amphitheater. The 
advance program on these pages is in three parts. Listed first are all of the tech- 
nical sessions; next, the clinics and workshops; finally, the special activities, such 
as Plant Tours, Ladies Program, etc. You will also find in this advance program 


a complete advance registration form, as well as a list of instrument manufactur- 
ers who will exhibit their latest products at THE ISA CHICAGO SHOW. 








Technical Sessions:r listed according to date. All morning sessions 
begin at 9:30 a.m. except the Keynote Session, which begins at 10 a.m. All afternoon ses- 
sions begin at 2 p.m. except the National Lecture Series, which begins at 2:30 p.m. 


KEYNOTE SESSION 
(Morning — Palmer House) 


Monday, September 21 


Four speakers, three from the United States and one 
from Europe, will develop the theme of the Confer- 
ence, “World Progress in Instrumentation.” At this time, 
formal acceptances have not been made by all of the 
speakers. As was announced in the June ISA Journal, 


NATIONAL LECTURE SERIES 


(Afternoon — Palmer House) 


Three speakers will be presented in the National 
Lecture Series. Among them will be Dr. E. P. Eckman, 
Case Institute of Technology, whose subject will be 
“The Future of Computer Control.” 


The names and topics of the other speakers in the 
National Lecture Series will be announced in the com- 
plete program in the September ISA Journal. 
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Rear Admiral Rawson Bennett, Chief of Naval Research, 
United States Navy, will be one of the keynote speakers. 
His subject will be “Instrumentation Developments and 
Uses by the Military.” 

The names and topics of the other keynote speakers 
will be announced in the complete program in the 
September ISA Journal. 
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Tuesday, September 22 


INTERNATIONAL FEDERATION 
FOR AUTOMATIC CONTROL 


(Morning and afternoon — Palmer House) 


Theme: Instruments and Transducers and Their Ap- 
plication to Automatic Control . 


Chairman: Prof. dr. ir. C.J.D.M. Verhagen, Technologic- 
al University of Delft, Holland. 


The Ringtorductor— A Torque-Gauge, Without Slip- 
rings, for Industrial Measurement and Control, O. Dahle, 
Allmanna Svenska Elektriska Aktiebolaget, Sweden 


A Pulsating Gas Flowmeter and Its Applications ty Flow 
Control, Prof. dr. T. Isobe, Instrumentation Section, 
University of Tokyo, Japan. 

Some Questions Concerning the Construction of Mag- 
netic Instruments for Gas Analysis, D. I. Ageikin, Can- 
didate of Technical Sciences, Institute of Automatics 
and Telemechanics of the USSR Academy of Sciences, 
Russia. 


Dynamic Behavior of Instruments for Gas Analysis in 
Connection with Automatic Control, Dr. E. Lehrer, 
Badische Anilin & Soda-fabrik, Germany. 


Force Balance or Motion Balance in the Design and 
Applications of Electronic Differential Transmitters, 
Dr. H. Kronmiiller, Siemens & Halske, A.G., Werner- 
werk fiir Messtechnik, Germany. 


Application of Hydraulic Components to Steel Mills, 
P. Blain, Institut de Recherches de la Sidérurgie, France. 


Electronic Generators of Random Processes for the Sim- 
ulation of Fluctuations in Automatic Control, Ing. M. 
Ullrich, Institute of Information Theory and Automa- 
tion of Czechoslovak Academy of Sciences, Czechoslo- 
vakia. 


AUTOMOTIVE INSTRUMENTATION 
(Morning — Palmer House) 


Firebird III Instrumentation System, John Hunsberger, 
General Motors Corporation. 


Electronics Instrumentation and Rapid Summation of 
Exhaust Emission, James Lunan, Chrysler Corporation. 


Measurement of Vehicle Power Losses on the Road, 
Syd Rogers and Arnold Seligson, Ford Motor Company. 


PULP AND PAPER INSTRUMENTATION 


(Morning only — Palmer House) 


A New Flow Measuring Method for Pulp Stock, Mr. 
Scrivens, Taylor Instrument Companies. 


A Nuclear Magnetic Resonance Moisture Gage for Pro- 
duction Laboratories, C. W. Pinkley and F. M. Alex- 
ander, Industrial Nucleonics Corporation. 


Some Applications of Ratio Control in Paper Making, 
Jerome B. Thomas, Eastern Engineering Company. 


Instrumentation for Kamyr Continuous Digesters, C. A. 
Tevebaugh, Kamyr, Inc. 


Some Uses of Oxidation Reduction Potential in Puip 
and Paper Making, George W. Seymour and Fred C. 
Cook, Brunswick Pulp and Paper Company. 
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Host Committee 


Under the direction of Albert Sperry and F. W. Vel- 
guth, the Chicago Section Host Committee is playing a 
significant part in many of the functions connect- 
ed with the Conference and Exhibit. In addition to 
the Annual Banquet, President’s Reception, Students’ 
Tour, Plant Tours and Ladies Program, this group is 
helping to monitor the registration and information 
centers, the meeting room properties, publicity, new 
member promotion and numerous other important 
assignments. 











Wednesday, September 23 


DATA HANDLING 


(Morning only — Palmer House) 


Program to be announced. 


AERONAUTICAL INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


Technical Comparison of High Quality Audio Tape Re- 
corders Versus Precision Instrumentation Tape System, 
Charles K. Wirth, Ampex Corporation. 


A Coordinated Instrumentation Program for Metereo- 
logical Research Aircraft, L. R. Chapman, General Pre- 
cision Laboratory. 


Three Cases of Difficult Flight Test Instrumentation Ap- 
plication, J. Stotz, Grumman Aircraft Engineering Cor- 
poration. 


Aircraft Instrumentation Progress, Dr. W. L. Howland, 
Lockheed Aircraft Corporation. 


CHEMICAL AND PETROLEUM 
INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


Flow Measurement for Computer Control, James H. 
Kogen, GPE Controls, Inc. 


The Orifice Plate as a Primary Element, Charles A. 
Prior, Minneapolis-Honeywell Regulator Company. 


Automatic Gas Flow Computation, Ralph H. Levis, Min- 
neapolis-Honeywell Regulator Company. 


The User - Contractor - Manufacturer Communications 
Problem as Seen by the Manufacturer, Saul Meyer, 
Minneapolis-Honeywell Regulator Company. 


Panel Discussion: Operating Man’s Viewpoint of Sys- 
tems Engineering, Nicholas F. Cody, moderator, E. I. 
du Pont de Nemours & Co. 





Register NOW for the Chicago Show 
See Advance Registration Blang, page 92 


























Students’ Tour 


Students and faculty members of Chicago area 
schools and colleges will be guests of the Chicago 
Host Committee on Friday, September 25, for a tour 
of ISA’s Annual Exhibit. In this, one of the ten 
largest industrial exhibits in the world, they will see 
the very latest in equipment for instrumentation and 


control. 











CONTINUOUS ANALYSIS 


The American Chemical Society will present a morn- 
ing and afternoon session on continuous analysis on 
Wednesday at the Palmer House. Program to be an- 
nounced. 


FOOD INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


Over-all Progress: What the Food Processors Want, 
Dr. Roy E. Morse, Rutgers University. 


What the Instrument Industry Offers, Lloyd Slater, 
Foundation for Instrumentation Education and Re- 


search. 


How to Cope with Preduct Variability, Dr. Reed Milner, 
University of Illinois. 


Meeting the Problem of Sani‘ary Design, Sneaker to be 
announced. 


Making Instrumentation Pay Off, John Thompson, Re- 
liable Packing Company. 


Getting Top Instrumentation Performance, H. C. Frost, 
Corn Products Refining Company. 


MANAGEMENT AND ECONOMICS 
Economic Justification of Instrumentation 


(Morning and afternoon — Palmer House) 


Instrumentation and Economics of Automatic Freight 
Car Classification, George W. Baughman, Union Switch 
and Signal Division, Westinghouse Air Brake Company. 


The Transition in the Art of Instrumentation and Its 
Meaning to Management, Byron K. Ledgerwood, Con- 
trol Engineering. 


Organizing Today to Capitalize on the Instrumentation 
Problems of Tomorrow, A. F. Welch and R. V. Fisher. 
General Motors Technical Center. 


Personne! Needs for Tomorrow’s Instrumentation as 
Seen by Today’s Management, C. L. Parish, Monsanto 
Chemical Company. 


Application of Digital Computer to Cement Manufac- 
ture, P. B. Nalle and J. M. Sauer, Riverside Cement 


Company. 





Register NOW for the Chicago Show 
See advance registration blank, page 92 
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METALS AND CERAMICS INSTRUMENTATION 
(Morning and afternoon — Palmer House) 


An Integral Load Cell for Rolling Mills, J. F. Mc- 
Namara, United States Steel Corporation. 


Development of Precision Temperature Control for 
Fiberglass Process, Paul E. Straight, Hagan Chemicals 
& Controls, Inc., and C. F. Huffman, Pittsburgh Plate 
Glass Company. 


Level Control‘of Glass Feeder Tanks, speaker to be an- 
nounced, Ball Brothers Glass Company. 


NUCLEAR INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


Radiological Area Monitoring and Micro-Metereolygical 
Radio Telemetry and Data Acquisition Systems, D. R. 
Bristol, J. H. Kendron, R. B. O’Brien, L. D. Van V'eck, 
C. J. Weichel, General Electric. 


Area Kadiation Monitoring Systems at Air Force Plant 
No. 67, John R. Fields, J. M. Selby, Lockheed Aircraft 


Corp. 


Pulse Analog-to-Digital Conversion, Robert W. Schu- 
mann, Nuclear Data, Inc. 


The Control and Instrumentation of the Radiation Ef- 
fects Reactor, James W. Brazell and R. L. Callaway, 
Lockheed. 


Organic Reactor Instrumentation, Sal J. Fallone, Jr., 
Atomics International. 


(Title to be announced), Ellis D. Bilbao, Atomics Inter- 
national. 


PHYSICAL AND MECHANICAL MEASUREMENTS 


(Morning and afternoon — Palmer House) 


Design of Instrumentation for the Measurement of Time 
Strain in Stressed Rock Specimens, H. R. Hardy, Jr., 
Department of Mines and Technical Surveys, Ottawa, 
Canada. 


The Application of Measurement Instrumentation to 
the Determination of Stresses and Strains that Are 
Encountered in the Rocks Surrounding Mine Openings, 
A N. May, Department of Mines and Technical Surveys, 
Otiawa, Canada. 


Electrical and Physical Reference Level Standards in 
Industry, S. C. Richardson, General Electric. 


Method of Determining Stress in Loaded Steel Billets, 
Thomas D. Dismuke, Bethlehem Steel Company. 


Extending the Useful Range and Accuracy of the Linear 
Variable Differential Transformer, G. W. Cook, Na- 
tional Electronics Laboratory and W. N. Carey, High- 
way Research Board, AASHO Road Test. 


Instrumentation of the AASHO Road Test, H. C. Huck- 
ins and W. N. Carey, Highway Research Board, AASHO 
Road Test. 

Design Criteria for Instrumentacion to Investigate Bio- 
logical Space Flight Effects, R. S. Young and J. L. 
Johnson, Army Ballistic Missile Agency, Redstone Ar- 
senal. 


The Multifaceted Gage Block, Mrs. Mary E. Hoskins, 
Sheffield Corporation. 
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UTILIZATION OF COMPUTERS 
IN PROCESS CONTROL 


(Afternoon only — Palmer House) 


An Analog Computer for On-Line Control of a Chem- 
ical Reactor, Dale A. Fluegel and E. D. Tobin, Phil- 
lips Petroleum Company. 


Integration of Electronic Controls with a Data Sys- 
tem in a Plant Modernization System, Car! E. Greeff, 
E. I. du Pont de Nemours & Co., Inc. 


Application of an Automatic Optimizing Control to Con- 
tinuous Processes, R. I. Van Nice, Westinghouse. 


The Libratrol-500 Process Control Computer, Joe T. 
Ator, GPE Controls, Inc. 


Thursday, September 24 


ANALYSIS-MEDICAL INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


Program to be announced. 


ELECTRONIC INSTRUMENTATION 


(Morning and afternoon — Palmer House) 


System Application of a New Analog-to-Digital Con- 
verter, Harry Schultheis, Dymec, Inc. 


Instrumentation for Chemical Reactor Response Studies, 
A. C. Pauls, R. C. Romano, J. S. Stanton, R. G. Olt, 
Monsanto Chemical Company. 


Application of Electronic Instruments in Motor Manu- 
facturing, A. E. Hartman, G. V. Mueller, E. M. Sawyer, 
Robins and Myers, Inc. 


Some Uses of the Electronic Counter in Data Taking, 
W. D. Speight, Caterpillar Tractor Company. 


Mnemonic Function of Magnetic Tape in Instrumenta- 
tion, D. W. Halfhill, Ampex Corporation. 


An Acoustical Instrumentation System, William Shep- 
herd, Frigidaire Div., General Motors. 


Cutting Wafer Inspection Costs with Automatic Dimen- 
sional Gaging and Sorting Systems, J. P. Philbin, Air- 
borne Instruments Laboratory. 


FEEDBACK CONTROL SYSTEMS 


(Morning and afternoon — Palmer House) 


Mathematical Significance of the LaPlace Transforma- 
tion, C. H. Taylor, Minneapolis-Honeywell Regulator 
Company. 


A Study of Process Control System Evaluation, G. K. 
Tucker, D. M. Wills and R. G. Cohen, Minneapolis- 
Honeywell Regulator Company. 


Transfer-Function of an Analog Computer, J. R. Mileum, 
National Research Council, Ottawa, Ontario, Canada. 
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Employment Service 


ISA will again provide its members and exhibitors 
with a referral service to bring together applicants 
and prospective employers. 


The ISA Employment Service will be quartered at 
the International Amphitheater. Exhibitors who have 
position vacancies to fill and ISA members who are 
seeking new employment opportunities may make 
their needs known to N. T. Mann, Leeds & Northrup, 
307 N. Michigan Ave., Chicago 1, III. 











MEASUREMENT AND CONTROL — 
FINAL ELEMENTS 


(Morning and afternoon — Palmer House) 


Static Power Controllers, R. S. Day, Leeds & Northrup. 


The Mechanical Variable Speed Drive as a Final Control! 
Element in Process Control Systems, Martin P. Despins 
and W. R. Glasson, Reeves Pulley Company. 


Control with Butterfly Valves, William J. Bestman, 
Continental Equipment Company. 


An All-Electric Proportioning Valve Positioner, Arthur 
W. Dickson, Norwood Controls Unit. 


Space Age Actuators for Industrial Control, E. F. Hol- 
ben, Conoflow Corporation. 


Servo Controlled Hydraulic Transmissions, John Mar- 
shall, Vickers, Inc. 


Control by Speed, Edward W. Davis, E. I. du Pont de 
Nemours & Co., Inc. 


A Transistor Controlled D-c Adjustable Speed Drive, 
J. C. Traweek, The Louis Allis Company. 


D-c Variable Speed Drives, Don W. Smith, Reliance 
Electric and Engineering Company. 


Comparison of Control Valve Sizing Calculations, O. P. 
Lovett, Jr., E. I. du Pont de Nemours & Co., Inc. 


PHOTOGRAPHIC INSTRUMENTATION 


(Morning and afternoon — Morrison Hotel) 


Survey of Semi-Automatic Record Readers, Ear] G. 
Raguse, Benson-Lehner Corporation. 


How to Photograph a One Window Bubble Chamber, 
Duane U. Norgren, Lawrence Radiation Laboratory. 


The State of the Art in Photographic Reduction Tech- 
niques, Benjamin E. Billups, Integrated Range Mission, 
White Sands Missile Range. 


General Motors Proving Ground and Photographic In- 
struments, A. H. Kelly, General Motors Corporation. 


Introduction to Photographic Instrumentation Engineer- 
ing, Dr. Amrom H. Katz, The Rand Corporation. 


In-Flight Measurement and True Angle of Attack Us- 
ing the Photographic Method, Robert J. McGroarty and 
Robert E. Perkinson, McDonnell Aircraft Corporation 


Sensitized Materials for Use in Photographic Instru- 
ments, Fred C. Eisen, Eastman Kodak Company. 
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Workshops And Clinics 


INSTRUMENTATION CLINIC 


(The Instrumentation Clinic will be held on Sunday 
at 10 a.m. and 2 p.m. and Monday at 9 a.m. and 1 p.m. at 
the Morrison Hotel. The General Introduction on Sun- 
day morning will be open to all registrants for the clinic. 
The courses by industry will begin after the general in- 
troduction and they will run concurrently. When filling 
in your advance registration form, signify which in- 
dustry course you plan to attend.) 


General Introduction to the Instrumentation Clinic 
(Sunday morning only), W. H. T. Furry, The Foxboro 
Company. 


STEEL AND CERAMICS — Course A 


Open Hearth Bath Temperature T/C’s — Leeds & 
Northrup 

Sintering Plant Instrumentation and Controls — 
Foxboro 


Instrumentaiion for Control of Continuous Normal- 
izing Furnaces — Minneapolis-Honeywell 

Furnace Atmospheres Dew Point Analysis — Con- 
solidated Electrodynamics 

Blast Furnace High Top Pressure Instrumentation 
& Control — GPE 


CHEMICAL AND PETROLEUM — Course B 


Oxygen Analyzers — Hays Corp. 

pH Measurement — Cambridge 

Chromatography — Perkin-Elmer 

Pneumatic Control Elements — Moore Products 
Moisture Analyzers — Beckman 


POWER PLANTS — Course C 


Pneumatic Relays — Bailey Meter 

Calibration of Republic Vector Transmitters — Re- 
public Flow Meter 

Testing of Resistance Temperature Elements — Edison 

Scanner Step-Switch Maintenance — Automatic Elec- 
tric 

pH Recorders and Cells— Leeds & Northrup 


FOOD — Course D 


Smoke House Temperature and Humidity Controls — 
Taylor 

Density and Level Equipment — Industrial Nucleonics 

Hydrogen Meters and Controls — Hagan 

High Vacuum Controls for Fats and Edible Oils — 
McLeod 

Flow Colorimeter — Beckman 


GENERAL — Course E 

VDM, Oscilloscope, etc., on Electronic Signal Tracing 
— Simpson Electric 

“Test Bench”—Minneapolis-Honeywell 

Pneumatic Signal Tracing — Merriam Instrument 

“Test Bench” — Swartwout 

Thermocouple Manufacturing Testing — Claud S. Gor- 
don 





Register NOW for the Chicago Show 
See Advance Registration Blank, page 92 








88 





SALES MANAGEMENT WORKSHOP 
(Sunday 1 p.m.—Morrison Hotel) 


Exhibiting More Effectively at Trade Shows, A. R. 
Floreen, Leeds & Northrup 


Educating and Developing the “Professional” Sales En- 
gineer, J. T. Vollbrecht, Energy Control Company, Inc. 


CONTROL SYSTEMS WORKSHOP 
(Monday 2:30 p.m. — Palmer House) 


Panel session: Computer Control in Perspective. Mod- 
erator: A. Russell Aikman, Schlumberger Wells Sur- 
veying Company. Panelists: R. Stern, Computer Sys- 
tems, Inc.; John Pink, Southwestern Industrial Elec- 
tronics; T. M. Stout, Thompson-Ramo-Wooldridge Prod- 
ucts Company. 


DATA HANDLING WORKSHOP 


(Tuesday 9:30 a.m. and 2 p.m.— Palmer House) 

The workshop will open with a general statement 
of the theme: Status of Supervisory Control, speaker 
to be announced. 

This will be followed by six parallel sessions in 
which three speakers will discuss each of the follow- 
ing topics: 


Automatic Check-out Equipment for Missile and Air- 
craft 


Automatic Machine Tool Control 

Power Generation Equipment 

Process Industry 

Wind Tunnel and Engine Test 

In the afternoon there will be two consecutive ses- 
sions. The first is “Error Analysis of Data System,” 
and the second is “The High Cost of Systems.” 

The workshop will close with two parallel sessions 
on the following topics: 

Reliability — What is the Record of “On-Line” 
Equipment in the Process Industry? 


Low-Level Multiplexing at High Speed 


PRECISION STANDARDS WORKSHOP 


(Tuesday, 9:30 a.m. and 2 p.m. — Palmer House) 


Theme: Problems Involved in the Needs, Development 
and Use of Precision Standards. 

Orientation of Subject of “Precision Standards,” and 
outline of the Workshop Method of Approach, W. A. 
Wildhack, National Bureau of Standards. 

Precision Standards for Physical Measurement, Ralph 
Bowen, Naval Primary Standards Laboratory. 
Precision Standards for Dimensional Measurement, M. 
E. Cooper, Sheffield Corporation. 

Precision Standards in Electrical Measurements, S. C. 
Richardson, General Electric Company. 

The Significance of Automation in Relationship to 
Standards, Dean C. S. Draper, Massachusetts Institute of 
Technology. 

Whose Responsibility is the Development of Needed 
Standards? Where Must Standards Be Used? How 
Can Their Use Be Required and Enforced? A. T. Mc- 
Pherson, National Bureau of Standards. 
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The Problem of Training Personnel to Make Precision 
Measurements and Standards, Lt. Cdr. L. O. Whaley, 
USN Bureau of Ships. 


Evaluation of the Workshop and Formation of Recom- 
mendations for Future ISA Activities Concerning In- 
strumentation of Precision and Standard Measurements, 
W. A. Wildhack, Moderator. 


(There will be audience participation in all of the 
above topics.) 


MAINTENANCE MANAGEMENT WORKSHOP 
(Tuesday, morning and afternoon— Palmer House) 


Program to be announced. 


COMPUTER CLINIC 


(Thursday, morning and afternoon— Morrison Hotel) 


An Analog Computer Facility for Process Control Anal- 
ysis, Theodore J. Williams, Monsanto Chemical Com- 
pany. 

The Analog Simulation of Industrial Instrumentation, 
George K. Tucker, Minneapolis-Honeywell Regulator 
Company. 


At this time, formal acceptances have not been made 
by all of the speakers who will participate in the Com- 


puter Clinic. Other speakers and papers will be an- 
nounced in the September ISA Journal. 


EDUCATORS WORKSHOP 


(Thursday, morning and afternoon — Morrison Hotel) 


Keynote: ISA’s Role in Education, Prof. R. W. Jones, 
Northwestern University (tentative). 


What ISA Is Doing for Education: 


Section Activities, R. H. Berg, Chairman, Education 
Committee, Chicago Section 


1958 Educator’s Workshop Feedback, A. G. Hathaway, 
Chairman, Task Force on Instrumentation Technicians. 


Foundation Feedback, Lloyd E. Slater, Executive Di- 
rector, Foundation for Instrumentation Education and 
Research. 


ISA Plans for the Future: Reports by the Following 
Education Committee Chairmen: 


L. T. Maley, Vocational Advisory Committee 
E. A. Heckler, Technical Institute Committee 
J. A. Reswick, University Advisory Committee 
J. E. Casey, Supplementary Committee 


Summation and Floor Discussion, E. A. Adler. 





Special Activities and Events 


Ladies Program 


An exciting round of activities is planned for the ladies 
who come to Chicago in September. In addition to the 
planned activities, there will be plenty of free time for 
shopping, sightseeing and exploring the nation’s sec- 
ond largest city. 


Registration for the Ladies Program will begin Sunday, 
September 20, in the Hollywood Room of the Morri- 
son Hotel, 10 a.m. to 6 p.m. Sunday is “Get Acquainted” 
day, with fun, surprises and games all day. Tickets for 
planned activities will be on sale all day and free 
radio and TV tickets will be available. 


Registration on Monday will be from 9 a.m. to 5 p.m. 
in the Hollywood Room. In the afternoon there will be 
a get together party and a fashion show. American Air 
Line Stewardesses will model travel and sportswear. 


You’ll spend Tuesday at the races — a full day at Haw- 
thorne Race Track with buffet lunch at the Club 
House. Highlight of the day will be the P. H. Rutledge 
Handicap, when your hostess, Mrs. P. H. Rutledge, 
chairman of Ladies Activities, will step into the winner’s 
circle for the presentation of roses to the winning horse 
and jockey. 


On Wednesday you'll visit fabulous Marshall Field’s, 
Chicago’s world-famous department store. Your day 
will begin with a tour of the store under the guidance 
of Field’s personnel, then to the Wedgewood Room, for 
fashion show and luncheon. 


On Wednesday evening, you’ll join with ISA member- 


ship and guests for the annual banquet in the grand 
ballroom of the Palmer House. 
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Thursday is Family Day, when husbands, wives and 
children will visit the Museum of Science and Industry. 
This is one of Chicago’s greatest attractions — more 
than 2% million visitors annually. High spot of this day 
will be luncheon at beautiful South Shore Country Club 
— a Chicago showplace. 


Friday is rest and relaxation day, with plenty of time to 
pack for the trip home, visit friends, or see more of 
Chicago. And there’s plenty to see. Your committee 
members will tell you about such Chicago attractions 
as the Merchandise Mart Art Institute, Shedd Aquarium 
Sightseeing Bus Tours, helicopter trips, and many more. 


Many of these activities are open to a limited number 
of people so register now — don’t miss out on the fun 
because you didn’t register early. Turn now to the regis- 
tration blank on page 92. You and your husband can 
fill it in together so both of you will be sure of your 
attendance at the things you want to see and do in 
Chicago this September. 





Executives Day 


Several hundred specially invited guests of the So- 
ciety who are chief executives in instrumentation 
using companies will visit the exhibits and become 
better acquainted with the activities and services of 
ISA. 


Thursday, September 24, 1959, is scheduled for the 
Executives Day program. The group will convene at 
the Stock Yard Inn adjoining the exhibit hall. 




















President’s Reception 


Members, exhibitors and their wives are cordially in- 
vited to be the guests of the Society at the annual 
reception for the current and succeeding presidents of 
ISA. Hotel Morrison, Grand Ball Room, 4 p.m. to 6 p.m. 
Sunday, September 20, 1959. 





Exhibit Hours 
and Transportation 


The Exhibit will be held at the International Amphi- 
theater during the following hours: 
Monday, September 21, 12 noon-10 p.m. 
Tuesday, September 22, 12 noon-10 p. m. 
Wednesday, September 23, 12 noon-6 p.m. 
Thursday, September 24, 12 noon-10 p.m. 
Friday, September 25, 9 a.m.-1 p.m. 
Crawford Fitting Company will provide free bus 
transportation from the hotels to the exhibit hall 
and return. Complete schedule will be announced 





Annual Banquet 


Palmer House Ballroom September 23, 1959 


The annual banquet this year will be a truly memor- 
able event. In addition to the short official society pro- 
gram, the evening is scheduled for a variety of enter- 
tainment and dancing, with emphasis on renewing 
acquaintanceships in ISA. 


Mr. John H. Furbay, Education Director of TWA and 
Educational Consultant to General Motors Corporation, 
will speak on “Horizons Unlimited.” Mr. Furbay is an 
eloquent and entertaining speaker of international re- 
pute. 


Music for dancing will be by the Johnny Jones Or- 
chestra. The Mid States Quartet and Jack (Mr. Funny 
Face) Marshall will also be on hand to round out the 
evening’s entertainment. 


Seating will be on a reservation basis. Those who order 
their banquet tickets early will get the best, table. A 
sell-out is assured, so make your banquet reservations 
early. You can do it now, simply by filling out the 








later. 











ISA SHOW EXHIBITORS (Pertiat Listing) 


Acton Laboratories 

The Adams G Westlake Co. 
Aeronutronic Systems, Inc. 

Aero Research Instrument Co., Inc. 
Aero Service Corp. 

Airpax Electronics, Inc. 
Air-Shields, Inc. 

Ajusto Equipment Co. 

Allen Electric Equipment Co. 
Allied Control Co., Inc. 

Amco Engineering Co. 

American Cystoscope Makers, Inc. 
American Laubscher Corp. 

AMP Incorporated 

Ampex Corporation 

Analytic Systems Co. 

Anderson, Greenwood G Co. 
Anemostat Corporation of America 
The Annin Corporation 

Assembly Products, Inc. 
Associated Research, Inc. 
Automatic Control—Reinhold 
Automatic Electric Sales Corp. 
Automatic Switch Co. (ASCO) 
Automatic Timing G Controls 
Automation—Penton 


Autonetics—North American Aviation, Inc. 


Bachara-h Industrial Instrument Co. 
Badger Meter Manufacturing Co. 
Bailey Meter Co. 
Baldwin-Lima-Hamilton Corp. 
Barber-Colman Co. 

Barnes Engineering Co. 

Barton Instrument Corp. 

Beckman Instruments, Inc. 
Beckman G Whitley, Inc. 

Belock Instrument Corp. 

Bendix Computer—Bendix Aviation 
Benson-Lehner Corp. 

B G F instruments, Inc. 

B G H Instruments, Inc. 

J. Bishop G Co. 

B J Electronics-Borg Warner Corp. 
Black, Sivalls G Bryson, Inc. 
Blonder-Tongue Laboratories, Inc. 
Bourns Laboratories, Inc. 

Bowser, Inc. 

The Bristol Co. 

Brookfield Engr. Lab. Inc. 

Brooks Rotameter Co. 


Brush Instruments Div.-Clevite Corp. 


Buchanan Electrical Products Corp. 
Buffalo Meter Company 

Burgess Battery Co. 

Burling Instrument Co., Inc. 
Burroughs Corp. 
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Cajon Machine Co. 

Carter Motor Co. 

A. W. Cash Co. 

Century Electronics G Instruments, Inc. 
Chemiquip Co. 

Chicago Apparatus Co. 

Circuit Instruments, Inc. 

C. P. Clare & Co. 

Cohw Electronics, Inc. 

Conax Corp. 

Conoflow Corp. 

Consolidated Controls Corp. 
Consolidated Electrodynamics Corp. 
Control Engineering-McGraw-Hill Publishing 
Control Panel Corp. 

Cramer Controls Corp. 

Coulter Industrial Sales Co. 

Counter and Control Corp. 

Crawford Fitting Co. 

Crescent Insulated Wire G Cable Co. 
Crossley Associates, Inc. 


Dage Television—Thompson-Ramo- Wooldridge, Inc. 


George W. Dahil Co., Inc. 
Datex Corp. 

Davis Instruments 

Daystrom, Inc. 

Daystrom Pacific Div. 
Daystrom Systems Div. 

The Decker Corp. 

DeVry Technical Institute 

De Zurik Corp. 

Dialight Corp. 

Diamond Chain Co. 

Diehl Manufacturing Co. 

D zital Equipment Corporation 
Wilbur B. Driver Co. 

Driver Harris Co. 

E. |. du Pont de Nemours G Co., Inc. 
Durant Manufacturing Co. 

F. W. Dwyer Manufacturing Co. 
Dymec, Inc. 

Dynametrics Corp. 

Dynamic Instrument Co., Inc. 
Dynapar Corp. 


Eagle Signal Corp. 

Eastman Kodak Co. 

Eclipse ‘uc! Engineering Co. 
Thoma: A. £. on Industries 
Electric Rugulat > Corp. 
Electro Devices, .ac. 
Electro Insiruments, Inc. 
Electro-Measurements, Inc. 
Electronic Associates, Inc. 
Electro Products Laboratories, Inc. 
Elgin Metalformers Corp. 


Ellison Draft Gage Co., Inc. 
Encyclopaedia Britannica 
Engethard Industries, Inc. 
Epsco, Inc. 


Fairbanks, Morse & Co. 
Fairchild Controls Corp. 
Fenwal, Inc. 

Ferranti Electric Co. 
Fischer G Porter Co. 
Fisher Governor Co. 
Flexonics Corp. 
Foundry—Penton 

The Foxboro Co. 
Friden, Inc. 


The Gaertner Scientific Corporation 
General Controls Co. 

General Electric Co. 

Genesys Corp. 

The Gerber Scientific Instrument Co. 
G. M. Giannini & Co., Inc. 

Claud S. Gordon Co. 

Gordos Corp. 

Gow-Mac Instrument Co. 

GPE Controls, Inc. 

Gray Instrument Co. 

Green Instrument Co., Inc. 


Hagan Chemicals G Controls, Inc. 

Hallikainen Instruments 

Hamilton Watch Co. 

The Hammarlund Manufacturing Co. 

Hankinson Corp. 

Hansen Manufacturing Co., Inc. 
Hanson-Gorrili-Brian, Inc. 

Hastings-Raydist, Inc. 

The Hays Corp. 

Karl Heitz, Inc. 

Helicoid Gage Division—American Chain G Cable 
Hewlett-Packard Co. 

Hickok Electrical [nstruments Co. 

Hoke, Inc. 

Holtzer-Cabot Div., Nationa: Pneumatic Co., Inc. 
Hot Soot Detector—Neptune Meter 

Howell Instrument Co. 

Hughes Products—Hughes Aircraft Co. 


Ideal-Aerosmith, Inc. 

Ilinois Testing Laboratories, Inc. 
IMinois Tool Works 

The Imperial Brass Manufacturing Co. 
Industrial Gauges—Daystrom, Inc. 
Industrial Instruments, Inc. 

ndustrial Marketing Associates, Inc. 
Industrial Nucleonics Corp. 

Industrial Timer Corp. 
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Plant Tours 


Clark Oil Company, Blue Island, Illinois, Tuesday, Sep- 

tember 22, 10 a.m. to 2 p.m. Two electronically con- 

trolled alkylation units are latest and first in Midwest. 

rt a Palmer House 9 a.m., luncheon at Blue 
nd. 


United States Steel, South Chicago Works, Wednesday, 
September 23, depart Palmer House 9 a.m. return before 
noon. Sintering plant, structural mill facilities, blast 
furnaces, open hearth and locking pits. 


Corn Products Company, Argo Plant, Thursday, Sep- 
tember 24, depart Palmer House 9 a.m., luncheon at 
Argo Plant. Extensive tood process instrumentation 
with emphasis on highly instrumented separating equip- 
ment. 


Argonne National Laboratory, Thursday, September 24, 
depart Palmer House 8:30 a.m., luncheon at Argonne 
Cafeterias. Tour entire non-restricted area, including 
Research Reactor, Experimental Boiling Water Reactor, 
Gamma Radiation Facilities, etc. 


Vest Pocket Tours 


In addition to the large tours listed at left, the Chicago 
Plant Tours Committee has made arrangements with 
instrument companies in the Chicago area for individuals 
or very small groups to visit their plants. 


Arrangements for these “Vest Pocket” tours can be made 
with the ISA Tours Committee. 


There is no set time for “Vest Pocket” tours; they are 
made at the convenience of the individual and/or the 
instrument company. 


A list of companies open for “Vest Pocket” tours appears 
below. 


De Vry Technical Inst. West Instrument 
Imperial Brass Mfg. Hays Corp. 
Commonwealth Edison Kates Company 
Universal Oil Products Mercoid 

Standard Oil Co. Scam, Inc. 

C. fF. C. Radiation Counter Labs 
Powers Regulator Automatic Electric 
Panellit Corp. Underwriters Lab 
Republic Flowmeter GPE Controls 


General Controls 


Minneapolis-Honeywell 
Marsh Instrument 











Instron Engineering Corp. 

Instruments, Inc. 

Instruments Publishing Co. 

Instrument Society of America 
International Resistance Co. 

International Telephone G Telegraph Corp. 
ISA Journal 


J-B-T Instruments, Inc. 
Jerguson Gage G Valve Co. 


The Kanthal Corp. 

The W. A. Kates Co. 

The C. M. Kemp Manufacturing Co. 
Keuffel G Esser Co., Inc. 

Kieley & Mueller, Inc. 

Kellozg Switchboard G Supply Co. 
KIN TEL—Cohu 

Kistler Instrument Corp. 

Kunkle Valve Co. 


Landis G Gyr, Inc. 

Lawler Automatic Controls, Inc. 
Lear, Inc. 

Leeds & Northrup Co. 

Leslie Co. 

J. E. Lonergan Co. 

Ludlow Papers, Inc. 


Machine Desien- -Penton 
Magnetrol, Inc. 

Manning, Maxwell G Moore, Inc. 
Marsh Instrument Co. 
Marshailtown Manufacturing Co. 
Massa-Cohu 

Mason-Neilan, Worthington Corp. 
Martin Engineering Co. 

MB Manufacturing Co. 

The Mercoid Corp. 

The Meriam Instrument Co. 
Millivac-Cohu 

Min> Safety Appliances Co. 

Mi polis-Honeywell Regulator Co. 
Moeller Instrument Co., Inc. 
Monroe Calculating Machine Co., Inc. 
Moore Products Co. 

Samuel Moore & Co. 

F. L. Moseley Co. 

Murphy & Miller, Inc. 

Mycalex Corporation of America 





George L. Nankervis Co. 

National Carbon Co.—Union Ca. dide 
New Equipment Digest—Penton 

New Hermes Engraving Machine Corp. 
The J. M. Ney Co. 

Non-Linear Systems, Inc. 

Norcross Corp. 

North American Aviation, Inc. 
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North American Van Lines, Inc. 
North Electric Co. 

Norwood Controls Unit 

Nuclear Products Co. 


Offner Electronics, Inc. 

The Ohmart Corporation 

The Okonite Co. 

Optical Coating Laboratory, Inc. 


Pace Engineering Co. 

Pacific Automation Products, Inc. 
Panduit Corp. 

Panellit, Inc. 

Parker-Hannifin Corp. 

The Partlow Corp. 

Performance Measurements Co. 
The Perkin-Elmer Corp. 


The Permutit Co.—Pfaudler Permutit Co. 


Philips Electronics, Inc. 
Photomation, Inc. 

PIC Design Corp. 

Pivan Engineering Co. 
Plug-in-Instruments, Inc. 

F sroid Corp. 

Potter Aeronautical Corp. 

Precision Instrument Co. 

Precision Products, Inc. 

Precision Scientific Development Co. 
Process Control Services Co. 

Process Instruments G Equipment Co. 
Pvro-Electric, Inc. 

P W Industries, Inc. 


Quarie Controllers 


Radiation Electronics Co., Comptometer Corp. 


Red Jacket Company, Inc. 
Republic Flow Meters Co. 
Research Controls 

Research, Inc. 

Rheem Manufacturing Co. 
Robertshaw-Fulton Contro's Co. 
Rochester Manufacturing Co., Inc. 
Rosemount Engineering Co. 
Milton Roy Co. 

Royal McBee Corp. 


Sanborn Co. 

The Scam Instrument Corp. 

S-hutte G Koerting Co. 

Shurite Meters 

Simplatrol Products Corp. 

The Skinner Chuck Co. 

E. C. Smith Manufacturing Co. 

S. Morgan Smith Co. 

Southwestern Industrial Electronics Co. 


Sperry Gyroscope Co.—Sperry Rand Corp. 


The Standard Electric Time Co. 

Statham Instruments, Inc. 

Steel—Penton 

Herman H. Sticht Co... Inc. 

C. H. Stoelting Co. 

Superior Electric Co. 

Superior Tube Co. 

Swanson Engineering G Manufacturing Co. 
Swartwout 

Systron Corp. 


Taylor Instrument Companies 
Technical Products Co. 
Technical Sales Corp. 
Technicon Controls, Inc. 
Technique Associates 
Tektronix, Inc. 

Telechrome Manufacturing Co. 
Telecomputing Corp. 

Tempil Corp. 

Texas Instruments, Inc. 
Thermo Electric Co., Inc. 


The Thompson-Ramo-Wooldridge Products Corp 


Times Facsimile Corp. 
Trans-Sonics, Inc. 
Tuttle G Kift, Inc. 


Uehling Instrument Co. 
Unistrut Products Co. 
United Air Lines 
United States Gauge—American Machine & 
Metals, Inc. 


Van Products Co. 
Vapor Recovery Systems Co 
Varian Associates 
Veeder-Root, Inc. 
Victor Adding Machine Co. 
Video Instruments Co., Inc. 


Waldes Kohinoor, Inc. 

Wallace G Tiernan, Inc. 
Warren Engineering Co. 
Waueh Engineering Co. 

W. M. Welch Manufacturing Co. 
West Instrument Corp. 

Weston Instruments—Daystrom 
Westronics, Inc. 
Wheelco—Barber-Colman Co. 
Foster Wheeler Corp. 

The S. S$. White Industrial Div 


Yarnall-Waring Co. 
Yokogawa Electric Works. Inc. 
Yuba Consolidated Industries, Inc 


Zenith Electric Co. 
The Zero-Max Company—Revco, Inc 
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| MAKE YOUR ADVANCE REGISTRATION 
NOW ON THIS FORM 
| 


| Save ‘time in Chicago by registering now. Your 

| badges and tickets will be on call at the Confer- | 
| ence and Exhibit. Mail this form and payment or | 
| company purchase order to Registrar, Instrument | 
! Society of America, 313 6th Avenue, Pittsburgh 22, Pa. | 


PLANT TOURS—(Fee is for transportation only) 
Clark Oil Company, 


Sept. 22 2.00 ( ) 2.00 ( ) 
U. S. Steel, Sept. 23 2.00 ( ) 2.00 ( ) 
Corn Products Company, 
Sept. 24 200 ( ) 2.00 ( ) 
Argonne National Lab, 
Sept. 24 2.00 ( ) 2.00 ( ) 
PRESIDENTS RECEPTION 
Sept. 20 ( ) Complimentary ( ) 
EXHIBIT ONLY, Sept. 21-25 ( ) Complimentary ( ) 


I am enclosing $ ...(Payable to Instrument 


Society of America) 


Company Purchase Order No. 
(Please Print) 


YOUR NAME 


COMPANY 

ADDRESS oree us en Re 

CITY > ee 

I am a member of: ISA ( ), ASME( ), AIChE ( ), 
ACS ( ),ACM( ),SPIE( ),SC( ),IFAC( ). 


| I am not a member of any of the above ( ). 
| Send me an ISA membership application ( ). 


| Please check the functions for which you are pre- | 
! registering. 
i F , I 
i Members of these cooperating societies are admitted | 
| on the same basis as ISA Members: American Chemi- | 
cal Society, American Society of Mechanical Engi- | 
i neers, Simulation Council, Association for Computing | 
| Machinery, American Institute of Chemical Engineers, | 
Society for Photographic Instrumentation Engineers, | 
International Federation for Automatic Control. Mem- |! 
bership cards are required for identification when the | 
| pone ced Ne gm ca is called for at the Conference 
and Exhibit. 
| Surcharge for non-members will be refunded if the ! 
| registrant is admitted to ISA membership ($12.00) 
| prior to October 30, 1959. | 
| Be sure you also send your hotel reservations to the | 
{| Chicago Convention Bureau. | 
| ISA and Cooperating | 
Socie on 
CONFERENCE PROGRAM Members Members | 
| “hist, Seeesess * 
, Sept. 20- 

(Includes 25 preprints) $8.00 ( ) $12.00 ( ) | 
INSTRUMENTATION CLINIC ! 
{| Sept. 20-21 .. . 8.00 ( ) . $1200( ) 
| No additional fee is required of those who regis- 
| ter for the entire conference. Those who register | 

only for the Clinic are required to pay the same l 
l fee. In either situation, admission to the Clinic | 
| will be limited to those who specify here which 
| of the courses they will attend. Check one only. | 
Steel and Ceramics— l 
l Course ‘- ‘ yo 
| eS and Petroleum— ; 
ourse iru 
— Pn ead Cc ( ) | 
—Course { ) 
General—Course E g-9 l 
| 
STUDENTS 
— only — no pre- $1.00 $1.50 
$1.00 ( ) 50( ) 
PREPRINTS | 
| Complete set of about | 
| 100 papers. 
| Conference registrants $8.00 ( ) $12.00 ( ) ! 
Non-registrants $12.00 ( ) 18.00 ( ) | 
ANNUAL BANQUET, 
| September 23 
| Number of I 
tickets ( ) $12.50 each ( ) $12.50 each ( ) | 
LADIES PROGRAM ] 
| (Men also for Sept. 22 & 24) 
| Get Together Party, ! 
| a - - ( ) Complimentary ( ) | 
ava e aces, 
| Sept. 22 750 ( ) 750 ( ) | 

Fashion Show & Lunch, | 

| Sept. 23 3.25( ) 3.25( ) 
l 
| Family Day, Sept. 24 5.50 ( ) 5.50 ( ) 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
l 
i | 
| 
| 
| 
| 
l 
| 
| 
! 
i 
t 








Hotel Reservations 


To assure that you get accommodations, ISA has ar- 
ranged to procure all hotel reservations through the 
Chicago Convention Bureau. Send them your hotel 
reservation and they will place it for you and see 
that you get a confirmation from the hotel. Just write 
them a letter specifying the type of room you want, 
the hotel you prefer and the date and time of your 
arrival and departure. The address is: Chicago Con- 
vention Bureau, 134 N. LaSalle Street, Chicago 2, 
Illinois. 

ISA Headquarters are in the Morrison and Palmer 
House. Large blocks of rooms are also available at 
the Conrad Hilton, Pick-Congress, LaSalle and Bis- 
marck. 

To get into the hotel you prefer, you should send 
your reservation to the Convention Bureau NOW. 











ISA Meetings 


Annual Meeting of the Membership, September 22, Mor- 
rison Hotel. An unusually interesting program is being 
designed for the Annual Meeting of the Society, be- 
ginning at 9 a.m. Section officers and committee chair- 
men, district committee chairmen, national officers, 
committee chairmen, and division directors will join 
with the membership as a whole in planning the future 
progress of ISA. 

Council of National Delegates, September 22, Morrison 
Hotel. The meetings of the District Councils and of the 
Council as a whole are scheduled for this day, begin- 
ning at 10:30 am. Agendas for the meeting will be 
mailed to all Council members. 

Committee Meetings. Meetings of the national commit- 
tees and divisions will be held throughout the week at 
the Morrison and Palmer House Hotels. Dates and room 
assignments will be sent to all concerned. 





Registration 


Register in advance—see form at left. It will save you 
time at the Conference and Exhibit. 
You can pick up your badges at: 

Hotel Morrison—September 20 

Palmer House—September 21 through 25 

International Amphitheater—September 21 through 25 
Bring your wife along. There are many social functions 
programed by the Ladies Committee which will keep 
her happy. 
Be sure to attend the Presidents Reception on Septem- 
ber 20, the Annual Membership Meeting on September 
22 and the Annual Banquet on September 23. Send your 
hotel reservations to the Chicago Convention Bureau. 
If you delay your Conference and Exhibit registration 
until you arrive in Chicago, you can register at the 
above centers on the days indicated. 


Complete Program 


A complete program for the 14th Annual ISA Instru- 
ment-Automation Conference and Exhibit will be ready 
at the end of this month. It will include a daily schedule 
of events, all conference speakers and papers, plus all 
the special events such as Ladies Program, Plant Tours, 
Banquet and other activities. For the complete advance 
program, write to: Conference Registrar, Instrument 
Society of America, 313 Sixth Ave., Pittsburgh 22, Pa. 
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ISA Honors and Awards Policy Adopted 


by Robert J. Jeffries 


Past President, Instrument Society of America 


Ever since the Society was formed 
it has recognized that obligations to 
its members and the field of instru- 
mentation include the acknowledge- 
ment of outstanding contributions 
to the technology and the Society. 
Society Honors are a form of pro- 
fessional recognition which give 
stature to the recipient, the Society, 
and the field in general. The recog- 
nition of outstanding persons for 
outstanding accomplishments also 
serves as a stimulus to others in 
the field, and helps to focus public 
attention on the importance and 
significance of instrumentation and 
the work of the Society. These are 
legitimate functions of a Society 
such as ours. 


At the May meeting of the Execu- 
tive Board, a comprehensive set of 
Society Honors and Awards policies 
was adopted. These policies repre- 
sented a culmination of several years 
work by previous Honors and 
Awards Committees, each chaired by 
a Past President of the Society. With 
these policies, the Society and all its 
organizational units now can move 
forward to an effective discharge of 
their responsibilities in this impor- 
tant area. The full text of the new 
policies, and detailed explanations of 
their mechanics can be obtained 
from the Headquarters office. 


The New Policies 


It is the objective of these new 
policies “to acknowledge contribu- 
tions and services by individuals to 
the Society and to the Science and 
Technology of Instrumentation; to 
stimulate, enhance, encourage and 
reward outstanding contributions to 
the progress of Instrumentation Sci- 
ence and Technology.” 


Each national organizational unit 
and section within the Society shall 
be encouraged to establish honors 
and awards appropriate to their ac- 
tivities. 


Specific Honors and Awards 


1. The Society shall grant Honor- 
ary Membership to persons who 
have made outstanding personal 
contributions to the Society and its 
objectives over and above the nor- 
mal discharge of their official re- 
sponsibilities within the Society. 


2. The Society as a whole, and 
each of its national organizational 
units, shall grant awards in recog- 
nition of the following accomplish- 
ments: 


a) outstanding article, report, pa- , 


per or published document (based 
on content and exposition). 


b) outstanding technical, educa- 
tional and philosophical contribution 
to Instrumentation Science and Tech- 
nology (concept and/or implemen- 
tation). 


3. The Society shall encourage 
the establishment and endowment 
of significant cash awards to accom- 
pany Society Honors and Awards. 
The donors of such cash awards may 
be identified with the Award. 


4. Sections shall be encouraged to 
establish appropriate honors and 
awards. 


5. Retiring officers and leaders 
within the Society will be presented 
with appropriate tokens of appre- 
ciation and recognition for their 
service. 


Cash Awards 


The provision for endowed awards 
is particularly important. The new- 
ly established policies permit and 
specifically encourage the various 
organizational units within the So- 
ciety to seek financial support for 
awards. These financially sponsored 
awards may be identified with the 
donor. Thus, any division or section, 
for example, might administer a 
“John Doe Award” for the best pa- 
paper in instrumentation in 195.., in 
perpetual memoriam of the founder 
of the Doe Instrument Company, fi- 
nancially supported by the Doe In- 
strument Company. 


Establishment and Administration 


The complete policy adopted by 
the Executive Board includes full 
procedures for the establishment and 
administration of all types of awards. 
Any individual or organizational 
unit within the Society interested in 
establishing an award should con- 
tact the Headquarters office in Pitts- 
burgh. 


What Should You Do 


All members — aid in the estab- 
lishment of appropriate honors and 
awards; and in the identification of 
suitable candidates. 

Section Officers — with guidance 
from District Vice President, estab- 
lish a comprehensive series of Sec- 
tion Honors and Awards. 

Division Chairmen—with Executive 
Board guidance, establish appropri- 
ate Divisional Honors and Awards. 
National Committee Chairmen — 
with Executive Board guidance, es- 
tablish appropriate Committee Hon- 
ors and Awards. 





Attending a recent meeting of the Publica- 
tions Committee in Philadelphia were (left 
to right) William Crawford, Jack Johnston, 
T. G. MacAnespie, jere Brophy, Chairman 
Nathan Cohn, John Read, Joshua Stern, E. Jj. 
Durbin and Bud Minnick of ISA Headquar- 
ter’s staff. Mr. Minnick, who is in charge of 
administration and promotion of the Rus- 
sian Translation program, reported on the 
success of the activity which now includes 
English translations of four major Soviet 


technical journals. 


July 1959, Vol. 6, No. 7 








93 








1959-1960 





Dr. Ralph H. Tripp 





John R. Mahoney 





John C. Koch 





Mi'ton M. McMillen 





Adelbert Carpenter 


Thomas H. Pierson 





Nathan Cohn 





Nelson Gildersleeve Robert C. Mann 


94 























Pr. Ralph H. Tripp, nominee for President-elect- 
secretary. Dr. Tripp is assistant director of the 
Flight Test Division, Grumman Aircraft. He joined 
ISA in 1950 and has been an active member and 
officer of the New York Section. He was District 
I Vice-President in 1957; Industries Department 
Vice-President, 1958-59; chairman, 4th National 
ISA Flight Test Symposium, 1958. 


John C. Koch, nominee for Treasurer. Mr. Koch is 
executive vice-president of the Conoflow Corpo- 
ration. He is a member of the Finance Committee 
and was its chairman in 1957-58; he was a mem- 
ber of the Exhibitors Advisory Committee, 1956- 
57. He has been a member of the Philadelphia 
Section since 1946; was Section President in 1956; 
has served in many Section offices. 


Adelbert Carpenter, nominee for Vice-President— 
General Relations Department. Mr. Carpenter is 
Western Staies Regional Manager for Fischer & 
Porter. He is a former president and vice-pres- 
ident of the Northern California Section which 
he joined in 1949. He has also served as a na- 
tional delegate and on the executive board of his 
Section. He is 1957-59 District IX Vice-President. 


Nathan Cohn, nominee for Vice-President—Indus- 
tries Department. Mr. Cohn is Vice-President, 
Technical Affairs, of Leeds & Northrup. He. joined 
the Philadelphia Section in 1955. He has been 
chairman of the national Publications Committee 
since 1957. In August, 1958, Mr. Cohn represented 
ISA on an industrial tour of Russia as one of a 
group of American control specialists. 


Nelson Gildersleeve, nominee for Vice-President of 
District I. Mr. Gildersleeve is sales manager of 
the Industrial Products Depaitment, Royal Mc- 
Bee Corporation. He is a member of the Eastern 
New York Section of which he was founder and 
first president in 1947. He was National Vice- 
President of ISA in 1950-52; a member, secretary 
and chairman of the Society Structure and Plan- 
ning Committee from 1952 to 1957. 


John R. Mahoney, nominee for Vice-President of 
District III. Mr. Mahoney is superintendent of the 
Instrument and Machine Engineering Depart- 
ments, Oak Ridge Gaseous Diffusion Plant, Union 
Carbide Nuclear. He is a former president and 
vice-president of the Oak Ridge Section of which 
he has been a member since 1946; he has served 
on numerous national eommittees. 


Milton M. McMillen, nominee for Vice-President of 
District V. Mr. McMillen is a supervisor with 
Thompson-Ramo-Wooldridge. He is a _ charter 
member and former president and vice-president 
of the Cleveland Section, of which he has been 
a member since 1946. He has served on numerous 
Cleveland Section committees. He was a member 
of the Editorial Board, 1955-57. 


Thomas H. Pierson, nominee for Vice-President of 
District VII. Mr. Pierson is senior vice-president 
of Eggelhof Engineers, Inc. A member of the 
Houston Section, he has also belonged to the 
Sabine-Neches Section, of which he was president 
in 1946; the South Texas and the Chicago Sec- 
tions. He was national chairman of the Food In- 
dustries Division, 1950-52 and is present director 
of the Chemical and Petroleum Division. 


Robert C. Mann, nominee for Vice-President of 
District IX. Mr. Marin is an instrument engineer 
in the Aircraft Nuclear Propulsion Department, 
General Electric. He is a former president and 
vice-president of the FPichland Section and is 
now a member of the Idaho Falls Section of which 
he is a director. He is the present director of ISA’s 
Nuclear Industries Division. 
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Exec-Director’s Diary 


Our Executive Board has author- 
ized a very substantial expansion 
in the Society’s program of services, 
which should yield increasing satis- 
faction to all ISA members. 


Various changes in the organiza- 
tion have also been authorized to 
integrate better the efforts of the 
staff and volunteers in the execution 
of these enlarged projects. Begin- 
ning with the three exhibits sched- 
uled in 1960, Headquarters will have 
full responsibility for the sale of 
exhibit space and for the promotion 
of attendance at the Conference and 
Exhibit, which duties are current- 
ly performed by the Tabery Corpo- 
ration. The Tabery Corporation will 
be retained to operate the exhibit 
during show week. 


So that you can be familiar with 
the key individuals in my office and 
their functions, I am briefly describ- 
ing our present structure. 


William H. Kushnick, Executive 
Director 
Directs the Headquarters’ activities 
and coordinates these with the plans 
and programs of the Society’s volun- 
teer organizations. 

Ruth Helbling, Chief Bookkeeper 
Makes the necessary deposits and 
disbursements; maintains the book- 
keeping journals and ledgers; pro- 


vides financial statements and re- 
ports. 


Charles W. Covey, 
Journal 

George A. Hall, Jr., Associate Edi- 
tor, ISA Journal 

Robert A. Scott, Art & Production 
Manager, ISA Journal. 

Virginia Kenny. Departments Edi- 
tor, ISA Journal 
This group edits and produces our 
Society’s monthly publication, aver- 
aging about 110 pages per regular 
issue, with several special issues 
of from 150 to 250 pages. 

Herbert S. Kindler, Director, Tech- 
nical and Educational Services 

Emil J. Minnar, Staff Assistant 
These implement our expanding ed- 
ucational activities and our pro- 
grams for an increased number of 
conferences and symposia. 


Leon H. DeBrakeleer, Director, 
Sections and Membership Services 
Replaces Ralph Stotsenburg in this 
function, which aims at strengthen- 
ing our Society’s ability to retain 
present members and to acquire 
new members. 


Editor, ISA 


Robert T. DeVore, Director, Pub- 
lic Relations 
Administers a comprehensive pro- 
gram to widen recognition of the 
Society’s many technical and edu- 
cational activities. 





ISA in Five-Society 
Control Symposium 


Next year, ISA will join with four 
other societies for a combined an- 
nual meeting bringing together the 
country’s leading authorities in auto- 
matic control. 


ISA agreed to participate in the 
inter-society meet in response to a 
suggestion from the American Auto- 
matic Control Council, originator of 
the idea. Sponsorship will be by the 
participating societies, with ISA 
joining the four other societies in 
rotating sponsorship of the annual 
symposium. For 1960, sponsorship 
will be carried by ASME. In 1961, 
ISA will take its turn; in 1962, AIEE; 
in 1963, AIChE and in 1964, IRE. 


At the end of the fifth year, the 
policy of rotating sponsorship will 
be reexamined. 


Responsibility for coordinating 
ISA activities in the symposium will 
lie with the Feedback Control Sys- 
tems Division, of which G. H. Bou- 
man is director. 
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Ralph M. Stotsenburg, Director, 
Promotional Services 

William F. Minnick, Jr., Promotion 
Manager 
These execute all our promotional 
efforts for the sale of exhibit space, 
of ISA Journal advertising, and of 
publications subscriptions such as 
for Russian Translations, ISA Jour- 
nal, Recommended Practices, pro- 
ceedings, films, etc. 

Elsey Johnson, Meeting Services 
Manager 
She is presently assisting the Ex- 
ecutive Director in many chores. 
Her new responsibilities will be to 
manage the services required for 
registering attendees at all our con- 
ferences and exhibits; to prepare 
and distribute preprints for the 
technical programs; and to arrange 
for all the supplies and equipment 
needed for the sessions, meetings 
and other functions. 


Ernest A. Egyed, Membership Rec- 
ords Supervisor 

His group processes the member- 
ship applications, renewals, trans- 
fers, and section refunds; maintains 
the membership records for Head- 
quarters and Sections; reproduces 
and mails all Society communica- 
tions; fills publications sales orders. 


Electrical Safety Abstracts 


The increasing uses of processes 
involving hazardous atmospheres de- 
mand greater familiarity with the 
principles and practices which affect 
plant and personnel safety. This 
problem is the subject of a recent 
ISA publication, “Electrical Safety 
Abstracts and References,” compiled 
by ISA’s committee RP-12, Wiring 
for Hazardous Locations. Here, in 
a single collection, are all important 
references on explosion hazards, in- 


trinsic safety, and the electrical igni- 
tion of gases, vapors, and dusts— 
published from 1920 through recent 
years. Included are 251 full ab- 
stracts and 356 references, listed 
alphabetically by subject. 

The price of this 99-page booklet 
is $3.50 to ISA members and $5.00 
to non-members. Use the coupon 
below to order your copy of “Elec- 
trical Safety Abstracts and Refer- 
ences.” 





Instrument Society of America, 


22, Pennsylvania. 


Please send me 


eS | ES 
Section_ 
aaa 

= 7 sleet 


| enclose $_- raat 





copy(s) of “Electrical Safety Abstracts 
and References”’ at $3.50 to ISA members, $5.00 to non-members 


_ Zone— 


313 Sixth Avenue, Pittsburgh 


State 





(Send cash with order plus 52¢ postage.) 
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)SECTION NEWS 


C. S. Lisser (left), president of the Oak Ridge Section and host 
committee chairman for ISA’s Fifth Annual Southeastern Con- 
ference and Exhibit, with Conference speaker W. E. Vannah 
(center), editor of Control Engineering and Phil Ewald, Uni- 
versity of Tennessee, conference session chairman. 





OAK RIDGE SECTION members are celebrating the 
success of 'SA’s 5th Annual Southeastern Conference 
and Exhib.., which they sponsored recently in Gatlin- 
burg, Tenn. 


W. E. Vannah, editor of Control Engineering, who 
made the keynote speech, talked about instrumentation 
in terms of dollars and cents. He pointed out that in- 
dustry spends from four to five million dollars annu- 
ally in all types of instruments and controls which are 
produced in some 1500 plants engaged in the manufac- 
ture of instruments. ISA President H. C. Frost com- 
mended the sections in the area that cooperated in put- 
ting together the outstanding meeting. 


There were 11 conference sessions attended by from 
40 to 200 listeners; a panel discussion and 8 maintenance 
clinics made up the technical prograr-. More than 150 
manufacturers showed their product 1’. cs. Registrations, 
numbering 715, showed attendance from all parts of the 
southeast and from as far afield as California, Illinois 
and New York. 


By C. S. Lisser, S. J. Ball, Oak Ridge Section 











FOUR COURSES in instrumentation 
will be sponsored by the Education 
Committee of Wilmington Section 
this fall. The courses will be given 
weekly at Brown Vocational School. 


The proposed courses include In- 
troduction to Instrumentation—lec- 
ture and bench-work on basic meas- 
urement instrumentation; Instru- 
ment Application — continuation of 
the above course; Advanced Instru- 
mentation — modern electronic in- 
strumentation; Instrument Appreci- 
ation — philosophy of instrumenta- 
tion, relating all the various aspects 
of the whole. 


Wilmington Section correspondent 
W. C. Ruglass reports that this is a 
continuation of an Education Com- 
mittee program initiated in 1953 as 
a contribution to the advancement of 


the art and sciences related to in- . 


strumentation and control. 


OGLETHORPE SECTION closed the 
year’s activities with a dinner meet- 
ing at the historic Pirates House in 
Savannah, Ga. District III vice-pres- 
ident J. T. Elder told the members 
of progress and future plans of ISA. 


R. R. Newton, Jr., also reports that 
new officers have been elected for 
the coming year. 


J. M. Ennis, Jr., is the new presi- 
dent. Vice-president is James W. Re- 
plogle. secretary, R. R. Newton, Jr.; 
treasurer, C. I. Lucas. Newton and 
Replogle will serve as national dele- 
gate and alternate, respectively. 


Burney F. Jarriel of Union Bag- 
Camp Paper Corp. headed a recent 
session of the section’s continuing 
training program. The subject was 
“Electronic Instrument Trouble 
Shooting.” 








Members of the Tampa Bay Section toured Minute Maid Corporation's Orlando plant 
recently. A discussion of the various instrumentation problems pertaining to the 
citrus industry followed the tour. Members are (left to right) Taller, Bouttwell, 
Gardenhire, Albritton, Section President Bell, Faust, Bennett, Lennon, Calo, Rug- 
gieri, Secretary Richardson, Corvette, not identified and Weaver, tour host for 
Minute Maid. 
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ROCHESTER SECTION’S Education 
Committee recently conducted a spe- 
cial meeting sponsored by the Ro- 
chester Institute of Technology on 
“What’s New in Process Control In- 
struments.” 

Sixty instrument technicians, stu- 
dents and engineers attended, re- 
ports ISAJ correspondent F. R. Sal- 
isbury. Talks covered the latest types 
of instruments and control systems 
and their application to modern pro- 
cessing plants. 

Education Committee members 
who participated under the leader- 
ship of G. F. Akins were D. C. Barta, 
F. G. Blum, Austin Fribance, R. I. 
Edelman and Orville Kelly. 





ROCK ISLAND Refinery, one of the 
largest independent refineries in the 
Midwest, was visited last month by 
members of Indianapolis Section. 

Rock Island is a pioneer in new 
methods of instrumentation and con- 
trol, reports correspondent Chris 
Litscher. In 1949 they installed the 
first pneumatically-operated graphic 
flow-control panel. With the addi- 
tion of a platforming unit in 1954, 
Rock Island completed the first re- 
finery electronic control system in 
the U. S. 





MEMPHIS SECTION members and 
their wives turned out for the an- 
nual banquet in May, reports cor- 
respondent R. E. Byers. 

New section officers are Louis F. 
Busler, president; Francis L. Crump, 
vice-president; Richard J. Weidman, 
secretary and Floyd Miller, treas- 
urer. 
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Strictly Sectional 


Dayton Section’s new officers are 
Paul L. Weintritt, president; J. E. 
Flaherty, vice-president; C. H. Mil- 
; H. D. Wren, treasurer; 
C. H. Callier, delegate and D. H. 
Tower, alternate delegate .. . Harry 
R. Karp of Control Engineering 
spoke at the June meeting of East- 
ern New York Section on “How New 
Developments in Instruments will 
Affect the Process Control Field.” 

. New officers of New Jersey Sec- 
tion are Joseph D. Yanak, president; 
L. B. Krumm, vice-president; G. L. 
Stebbins, secretary. H. R. Karp, 
treasurer; E. R. Hill, delegate .. . 
Members of Central New York Sec- 
tion took their families on a picnic 
in June ... A. B. LeBoutillier is the 
new president of Savannah River 
Section. Other officers are H. T. 
Babb, vice-president; I. B. New, cor- 
responding secretary; E. E. Daven- 
port, recording secretary and P. E. 
Gee, treasurer . . . Annual spring 
dance of the Philadelphia Section 
was held at the George Washington 
Motor Lodge in King of Prussia, Pa. 
. . . Mojave Desert Section had a 
dinner-dance last month at which 
new officers were installed . . . The 
Annual Picnic was the June activity 
fer Central Keystone Section . . 
Nathan Cohn’s talk on Russian cus- 
toms has been a popular highlight of 
recent section meetings. Mr. Cohn 
spoke at the May meetings of both 
the Sabine-Neches and Houston Sec- 
tions . . . Ed Cogle. editor of the 
Richmond-Hopewell Section bulletin 
is appealing to section members to 
help find a name for his publication. 
A couple of gremlins who make 
their home at Headquarters were 
kicking the problem around. Sug- 
gested one, “Call it the ‘Rich-Well’.” 
“Why stop there?” asked gremlin 
No. 2. “Call it “The Gusher!” Isn’t 
that awful? . . . Members of Wayne 
County Section were among the last 
visitors to the Enrico Fermi Atomic 
Power Plant to see some of the 
equipment. Following their May vis- 
it, portions of the reactor equipment 
were covered and sealed . . . Nomi- 
nees for officers of Fairfield County 
Section include C. Heinzman, presi- 
dent; C. DuBois, Ist vice-president; 
A. Savitsky, 2nd vice-president; E. 
Georgi, treasurer and F. Bihler, sec- 
retary ... Bernard Artz of Fischer 
& Porter spoke on “Theory and Ap- 
plication of Turbine Type Flowmet- 
ers,” at a recent San Diego Section 
meeting . . W: m Section 
closed out a highly successful year 
with a social hour and dinner... 
Nominees for officers of Lehigh Val- 
ley Section are H. C. Brown, presi- 
dent; E. J. Tucker, vice-president; 
J. H. Rittenhouse, secretary; H. A. 
DeRemer, treasurer; W. A. Gregory, 
national delegate; C. F. Homewood, 
alternate . . . Twin Cities Section 
closed the year’s activities with a 
joint meeting sponsored by the Min- 
nesota Federation of Engineering So- 
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cieties . . . Atlanta Section’s May 
meeting featured a color movie on 
“New Developments in the Field of 
Lubrication” .. . Sec- 
tion’s new officers are Joseph Lewis, 
president; W. P. Guhne, secretary 
and treesurer .. . Philip E. Ohmart, 
president of The Ohmart Corp., 
spoke at the year end meeting of 
the Toledo Section. His subject was 
“Gamma Radiation as Applied to 
Process Control” . . . N. B. Nichols, 
chief engineer for Taylor Instru- 
ment Companies, spoke on “Elec- 
tronic Flow Control” at the May 
meeting of the New York Southern 
Tier Section . . . Joseph Orzano of 
IBM’s Military Products Division 
spoke at a recent meeting of the 
Paducah Section. 


Members of Sabine-Neches Sec- 
tion saw a film “Project NX-4” and 
heard a talk by Ralph Clemons of 
Daniel Orifice Fitting Co., at a re- 
cent meeting. Both dealt with the 
physical setup required and the 
problems encountered in obtaining 
the data for flow coefficients in 
large volume measurements in 16” 
to 36” pipe sizes . . . Sizing and ap- 
plication of butterfly valves was the 
subject of a talk given by Ernie Wil- 
liams of Continental Equipment Co. 
at the April meeting of Tulsa Sec- 
tion . . . Baltimore Section wound up 
the year’s activities with a dinner- 
dance on May 8 .. . Toledo Section 
toured the 60,000 barrel-per-day re- 
finery of Standard Oil Company of 
Ohio in April. 





é NEW MEMBERS 


AKRON: Hugh F. Coyle, Jr.. Richard Mi- 
—_. -_- R. Smith, Eugene B. Suth- 


BIRMINGHAM: Thomas L. Hardy, Otis V. 
Rogers 


CENTRAL ILLINO(S: Karl M. Hammenn 


SS James W. Anderson, Guy W. 
Bohnen, Theodore 





. John W. Windhorst, Merritt 
G. Yorgey 
CINCINNATI: Weldon J. Adams, William 
R. Fessler, Frank G. Frederick, Rich- 
ond -,. = ‘Afiussell- 1. od 
Jack F. Link, Walter K. Mon 
— C. Schulte, Jr. Milton C. 


CLEVELAND: John R. Knox, Edward J. 
COLUMBUS: Charles O. Badgett, George 
I. Doering 


CONNECTICUT VALLEY: Daniel S. Cies- 
lowski, Howard A. Hammell, John E. 
Hines, Jr., Kenneth R. Skinger 

DENVER: Jimmie er, Lloyd R. Haller, 
Milo K. Henry, key M. Payne 

DETROIT: J. Pearson Smith 

INDIANAPOLIS: Robert D. Hillery 

KANSAS CITY: Francis S. Boggess 


LOS ANGELES: Howard W. Autry, Bobby 
L. Burch, Bliss M. Bushman, ag 
: Hernandes 
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2) Kaz 
Goncup D. -4 Thomas A. Rose, 
Francis G. Semere, Michael D. Swee- 


MEMPHIS: es Pues G ied. B. itadge Jr., aca 





WAUKEE: 
MOJAVE DESERT: "Enaries Duda, 


Thomas B. a Furman Aw. Lote. 


Jr., Samuel Sheehan, Frank 
Strubel 
ORLEANS: Richard H. Daniel, Jack 
B. Flaher a apart E. Post 
NEW YORK: . Brand, Howard P. 


Cohen, Bartow y George I. Tou- 


manoft 
NIAGARA FRONTIER: Robert C. Curtin, 
J. Kenneth Terryberry, Chester S. 
Zukowski 
NORTHERN CALIFORNIA: Timothy Ka- 
arto, John W. Littleton, Bert Schwarzs- 
child, Jack R. Sherwood 
ORTHERN INDIANA: Donald G. Ran- 
dick, Kenneth L. Weeks 
NORTH TEXAS: Harrison P. Chenault, 
Bruce D. Gipson, Richard W. Hill, 
Samuel R. Sandefer John W. Smylie 
RIDGE: Adrian B. Currens, Joseph 


Geet aa Seine, a Gee, che A fale 


D. Begemen. Wilson R. Mosley, Ed- 
ward M . Searcy, Harry M. Wright 
OMAHA: Robert G. Touchstone 
—e COUNTY: Charles L. Clay, Dr. 
obert H. Hass, Wilhelmus P. Houben 
semana Ota E. Tinnin 
PASO DEL NORTE: Ivan C. Lockwood 
PENSACOLA: Granville W. Howlett 
PHILADELPHIA: Bruce L. Sutton 
PITTSBURGH: Daniel J. Dougherty, John 
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ISA MEMBERS 
Use Your Journal Reader Service Card 


@ Use this ISA Journal Reader Service Card fer your requests to instrument manufacturers for catalogs, 
bulletins and specifications. You will get fast personal attention for information on new products and 


services. 


@ Using the Reader Service Card each month promotes the ISA Journal as the outstanding advertising 
medium serving the instrumentation field. 
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NEW EQUIPMENT - CATALOGS and BULLETINS 
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NEW 


Solenoid 


Valve 
V-4019 







for 

water and 
other 
Hrelananaieirer— 


SJaarollmlait-iP4-em allel emi ialmer-l el-Lorh ay, 


Use this pilot-operated, soft-seated solenoid valve 
for reliable on-off control of water or other light, 
non-viscous non-corrosive fluids. It’s of floating- 
piston design for quiet operation. The power head 
can be rotated 360° for ease of wiring. Body 
material is brass. Can be used for normal and 


APPROXIMATE CAPACITY, 
GALLONS PER MINUTE, WATER SERVICE 














































Pressare (3) 12 | 3 5 10 | 3 | 4 | £0 | 100 chilled water applications . . . operates from any 
= = standard SPST controller or on-off switch. 
= 4” Valve 56 | 87 | 113] 15.6} 27.3] 31.6) 35.2] £0 = Get complete details from your nearby Honeywell 
haeninnall = field engineer. Call him today . . . he’s as near as 
= %” Valve 78 | 121 | 15.6 | 219 | 382 | 442] 49 70 = your phone. 
: = MINNEAPOLIS-HONEYWELL, Wayne and Windrim 

AUNVEDUTQVOOUASNOUUTAAUULEAEOAAE AAT - - 
. ” Avenues, Philadelphia 44, Pa. 


Pressure Ratings: Operating pressure— 100 psi max.; 1% psi.min. for 
full flow. Body rating: 150 psi, nominal body rating 


Fiuid Temperature Ratings: 125 F max. at 125 F ambient 


175 F max. at 77 F ambient H 
Capacity Index (Cy): 2” size—5, %” size—7 y ell 
Electrical Rating: 120, 208, 240 volt, 50 and 60 cycle ac one Ww 
| - ‘ 
iH Tout wn Coutiol . 
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Division Manager 
foseph Lewis (left) 
and ISAman Henry 
Noebels, Application 
Engineering Mana- 
ger, look over sam- 
ple collective appara- 
tus of Beckman’s 
MEGACHROM Pre- 
parative Gas Chro- 
matograph. 


Beckman Turns the Chromatographic Tables 


Recent developments in gas chro- 
matography have emphasized small- 
er and smaller samples. 

At Beckman, they’ve turned the 
trend. There, they have produced 
“Megachrom,” the first commercial- 
ly-practical preparative gas chro- 
matograph. Using the separatory 
power of chromatography, “Mega- 
chrom” fractionates and _ collects 
samples of ultra-pure materials in 
volumes 100 times larger than pos- 
sible with existing chromatographs 
with no sacrifice in resolution. This 
makes available sizable quantities 


of ultra-pure materials which be- 
fore have been barely visible or seen 
only as traces on a recorder chart. 

Applications of “Megachrom” in- 
clude studies on materials which are 
volatile at temperatures up to 450°C, 
with samples as large as 20 milli- 
liters. 


The instrument will make possi- 
ble new levels of chemical purity 
which will find wide application 
throughout science and industry. In 
the field of spectroscopy, revisions 
of existing absorption spectra may 
be necessary because the spectro- 


scopist will have ultra-pure materi- 
als heretofore not available in quan- 
tity. In many cases, organic materials 
can now be obtained with a purity 
of 99.9999%, containing less than 1 
part per million of foreign materials. 


To obtain high resolution while 
handling large sample volumes, 
“Megachrom” includes a new type of 
parallel column arrangement. This 
permits use of a small column diam- 
eter, necessary for superior resolu- 
tion, and also achieves sufficient 
total cross-sectional area for 100- 
times scale-up operation. The ma- 
jority of applications are handled 
by using a column manifold which 
directs the gas flow through eight 
6-foot long parallel columns. Other 
manifolds are included to give the 
operator a_ selection of column 
lengths and total cross-sectional 
areas. Vaporization of the sample 
is accomplished by a thermostatical- 
ly-controlled heated-inlet assembly 
which permits precise temperature 
control for large-sample vaporiza- 
tion without danger of sample de- 
composition. 

Both column and detector have 
full-proportional electronic temper- 
ature control systems. With this type 


(Please turn to page 104) 





A complete line of pH meters incorporating modern electronic tubes and circuits, 
simple in operation and maintenance, featuring sealed amplifier plug-in units. 


See also Bulletin # 


MODEL 115 


102 


& wey EA 


a 


138 on pH Meter Tester Mod. 25 for checking the performance 
of pH meters without electrodes or buffers, applicable to pH meters of any make. 


PHOTQVOLT 
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In use now, as a part of several systems, the Bendix G-15 
has proven itself the ideal digital computer for data reduc- 
tion and control. Its high speed . . . versatile command 
structure . . . widely varied methods ana means of input 
and output . . . small physical size . . . and its low cost, 
all contribute to the reason why the G-15 is being selected 
for use in more and more on-line applications. 

The G-15 is the fastest general purpose computer in the 
low price field. In at least one case the G-15 has been 
chosen for real-time computation where only a million 


dollar computer has ever been used before. 


The versatility of the G-15’s basic programming system 
contributes heavily to its on-line ability. Commands are 
available for special operations essential to power and effi- 
ciency in this type of application. 

Perhaps of greatest importance is the computer’s unique 
variety of input-output possibilities. The basic G-15 includes 
an electric typewriter for input-output and control, a fast 
paper tape punch, and a magazine loaded high-speed 
photoelectric tape reader. Punched card and magnetic tape 
units are also available. 


Other devices such as A to D or D to A converters may 
be connected simultaneously w in place of the accessories 








TYPICAL SYSTEMS WHERE THE G-15 CAN BE USED 
1) Process monitors and controls 

2) Missile tracking and impact prediction systems 
3) Engine test stands and wind tunnels 


4) Machine tool controls and many other 
open and closed loop systems. 


sqdbnienhatpanpiniiidsendil 


| 














CARD-COUPLER 


July 1959 


the ideal computer for “‘on-line”’ 
data processing and control 


mentioned above and operated under control of the 
computer. 
Finally, information can be directly written on or read from 
the memory drum, under control of special external devices. 
Computation can proceed simultaneously with any form 
of input-output. 
Note that all of these methods of input and output 
can be utilized without modification of the computer. 
Connectors are provided for each type of input and 
output described. 
If ruggedness is required, the G-15 can prove an enviable 
record. Two of them have been in use for well over a year 
bolted directly to the deck of a ship. Average up-time of 
all G-15’s is exceptional. The G-15 is compact too, and 
of course, it can be used as a powerful general purpose 
computer, as well as for on-line applications. A variety of 
simplified programming systems is available, including the 
renowned INTERCOM 1000, which can be used after four 
hours training or less. 
The reasons are many . . . but the fact is that more and 
more G-15’s are being leased or purchased for on-line use. 
If you would like to discuss your own requirements, we 
would be pleased to work with you. Write Department 7-64 
for a new 24-page bulletin on the G-15 in on-line use. 





DIVISION OF BENDIX AVIATION CORPORATION 
LOS ANGELES 45. CALIFORNIA 





DIRECT 
_ MEMORY | | 
CONNECTIONS 





TAPE UNITS 
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MOST MAJOR U.S. POWER 
PRODUCERS REDUCE COSTS 
wit PANALARM ANNUNCIATORS 








MAXIMUM INFORMATION on all process variables . . . the result 
of 10 years system engineering by Panalarm and major power producers. 
That’s why Universal Series 50 is the power industry’s most informative 
annunciator. Trouble anywhere is signalled instantly—before it can 
grow big and expensive. “Off-normals” are pinpointed instantly, 
accurately for fast remedial action, reducing costly “outage” losses. 


Economical, highly flexible design facilitates system expansion. Can 
be simply adapted to your exact requirement, avoiding costly custom 
designing. Proven components—e.g., almost 1,000,000 dependable 
Panalarm developed relays have been used in Panalarm annunciators. 


Ask your nearby Panalarm sales engineer to show you why Universal 
Series 50 is the power industry’s No. 1 annunciator choice . . . how its 
adaptablility and reliability can help increase your profits... by pro- 
ducing maximum information and reducing costly “outages.” No 
obligation, of course. 


Write for Catalog 100 B today. 


DIVISION OF 


PANELLIT, INC. 





7401 NORTH HAMLIN AVENUE ¢ SKOKIE, ILLINOIS 
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(Continued from page 102) 

of independent control, several dif- 
ferent column temperatures can be 
used without changing detector tem- 
peratures, and column temperature 
can be varied during a run without 
disturbing detector-cell equilibrium. 

“Megachrom” promises to be a 
valuable research tool, offering sub- 
stantial contributions in such fields 
as flavor research, organic-chemical 
research, medical research and spec- 
troscopy. 
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Dr. George A. Downsbrough (left) is 
installed as president of SAMA by out- 
going president Richard E. Welch 
(right). Looking on is Lewis B. Swift 
(center) winner of the 1959 SAMA 
Award. 


SAMA Sounds 


a Warning 


The U.S. must get to work in 
two vital technological areas — 
measurement and control of high 
temperatures and instrument cal- 
ibration — if we expect to keep 
pace with Soviet Russia. 

Dr. Allen V. Astin, director of 
the National Bureau of Standards, 
issued this warning at the 4lst 
annual meeting of the Scientific 
Apparatus Makers Association in 
White Sulphur Springs, W. Va., 
April 25-30. 

“If we are to exploit the oppor- 
tunities of nuclear energy .. . 
we must improve our capabilities 
for measuring and controlling 
high temperatures,” Dr. Astin sta- 
ted. “Present reports indicate that 
Russia leads the entire world in 
high temperature development, 
which is so important to our roc- 
ket and missile programs both in 
the development of propulsion 
fuel systems and in design.” 

He also pointed out that we are 
behind Russia in the general or- 
ganization of our instrument cali- 
bration, upon which the success- 
ful interchange of technical data 
and components depends so much. 


Advances in these areas will 
result in savings in both time and 
dollars, Dr. Astin claimed, saying, 
“Personnel of one large company 
presently engaged in government 
contracts estimated that a savings 
of 150 to 200 million dollars would 
result from improvement in pres- 
sure and thrust measuring instru- 
ments, and present expenditures 
could be reduced three times the 
present level in this field alone.” 
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This letter moved an engineer ahead 5 years 





Two years ago a man took 10 minutes to write this letter. Today he enjoys the 
responsibility and professional standing in the Autonetics Division of North 


American that might have taken 5 years to achieve elsewhere. 
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COMPUTERS AT AUTONETICS—A FIELD OF OPPORTUNITY 

At Autonetics we have concentrated on developing original techniques 
in transistor circuitry, miniaturization, and quantity manufacture of 
precision components. For only with these new arts is it possible to 
create computers so small, rugged, reliable—yet so big in performance 
—that they can meet the demands of the space age or the increasingly 
complex problems of industry. 

Our engineers have designed and built both analog and digital com- 
puters—for inertial navigation, bombing-navigation, armament con- 
trol, flight control and data processing equipment. Out of this experi- 
ence, Autonetics built the first transistorized digital computer of true 
general purpose capacity. 

Today at Autonetics there’s a respected combination of scientists, 
engineers, and production men constantly forging ahead into vital new 
technologies. Every state of the art is represented, from preliminary 
con* 2ption right through manufacturing. Facilities are the finest—and 
it's just a short jaunt to mountains, beaches or desert. 

You owe it to yourself to consider how far you can advance by 
entering this exceptionally promising field right now. Here are the 
opportunities: 

LOGICAL DESIGN « SMALL COMPUTER PROGRAMMING + SYSTEMS 
DESIGN, DEVELOPMENT AND TEST « TRANSISTOR CIRCUITRY « 
MAGNETIC MEMORY « SYSTEMS INTEGRATION «+ FIELD SERVICE 
ENGINEERING. 

Write your letter today. Please include a resume of your qualifications. 
Decide now to investigate your opportunities at Autonetics. Reply will be 
prompt, factual, confidential. 

Write E—. T. Benning, Manager, Employment Services. 
9150 E. Imperial Highway, Downey, California 


Autonetics 


IS'ION OF NORTH AMERICAN AVIATION nc 
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SOLVE YOUR 
PROBLEMS 
WITH 


Weksler 
instruments 


Weksler Instruments for temperature, pressure 
and humidity applications have been installed in 
literally thousands of commercial and industrial 
projects...routine, special, and classified. 

Whatever your requirements or problems may be 
in these types of instrumentation, Weksler may 
be the one source to meet or answer all of them. 


Tell us your instrument needs. We will send you one 
or more of the five WEKSLER CATALOGS which cover 
your specific requirements. Advisory services are also 
available without obligation. 


WEKSLER INSTRUMENTS CORP. 


FREEPORT, L.I., NEW YORK 
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Ulinois Central 
Pinpoints One Car 
Out of 50,000 


The Illinois Central Railroad is 
keeping track of more than 50,000 
on-line freight car records daily 
with the help of a high-speed tele- 
printer and IBM data-processing 
equipment. 

Illinois Central is the first railroad 
to use such a system for quick 
answers to inquiries from shippers 
and receivers. The system is also 
being used for payroll work and 
for freight, passenger, station and 
car-record accounting. 

Teletyped train information re- 
ceived at Chicago’s central commun- 
ication center from all over the rail- 
road is fed into teleprinter circuits 
for transmission to the accounting 
department, seven miles away. 
There, an IBM 705 classifies freight- 
car numbers in numerical order and 
prints out the information on page 
forms showing car number, initials, 


routing, car location and contents. 


for every one of the more than 
50,000 car records reported daily. 
The printed pages then are sent to 
the service bureau where telephone 
tracing clerks, with up-to-the-day 
records of every car moving on the 
Illinois Central are able to answer 
customers questions quickly. 

The heart of the entire system is 
the high-speed teleprinter, capable 
of transmitting 600 words a minute, 
in contrast to the usual 60 to 100 
words per minute teleprinters com- 
monly used by railroads. 
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Low Cost Tools 
For Schools 


Brush Instruments of Cleveland, 
Ohio, is offering, at reduced prices, a 
number of specialized engineering 
and test instruments to educational 
and non-profit organizations. These 
include both unused, discontinued 
instruments and electronic test in- 
struments which have been used for 
demonstration or for special pur- 
poses. 

The equipment includes a discon- 
tinued line of acoustic and vibration 
test equipment manufactured by 
Bruel & Kjaer, Denmark. This is~ 
new equipment and carries Brush’s 
full warranty. There is a complete 
set of very high-precision magnetic 
tape recording equipment, used for 
demonstration purposes only. It 
comes complete with all necessary 
and spare amplifiers and parts. 
Other equipment includes amplifiers, 
oscillographs, etc., carrying a one- 
year warranty. 
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HR-92 XA-Y 


RECORDER 





e Flat bed — 
Full Chart visibility 

© Unitized Construction 

e Critically damped response 

© Simplified contro! panel 

© Clip-on pen — Interchangeable 
for multicolor traces 

e Standard 8% x 11 paper 

© Unconditionally guaranteed 
for one year. 


RUGGED “All Purpose”’ 
X-Y RECORDER 


The HR-92 is a null-seeking servo-type 
plotter designed to draw curves in 
Cartesian coordinates on regular 8% 
x 11 graph paper. It employs conven- 
tional chopper amplifiers, 2-phase 
motors and a potentiometer rebalance. 
Reference voltages are furnished by 
mercury cells. Control panel has zero 
set and continuously-variable attenuator 
for each axis. Separate standby and 
power switches are provided. Two axes 
are electrically and mechanically inde- 
pendent. By moving an internal jumper 
lead, a high impedance potentiometer 
input can be made available. 


SPECIAL FEATURES: 


Amplifiers easily removed if servicing 
ever becomes necessary. Electrical 
connections all contained in two plugs 
for each amplifier. 

Each amplifier channel (including trans- 
former power supply) independent of 
rest of system. 


WRITE FOR: 
New X-Y Recorder Circular #717-3 
showing complete specifications and 
photographs. 


houston 


instru ment 


corporation 
1717 Clay Ave. * Houston 3, Texas 
CA 5-6964 
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ISA PERSONALS— 


Moses G. Jacobson, 73, Pittsburgh 
Section member, recently retired 
from his position as research physi- 
cist with the Techncal Products Di- 
vision of Mine Safety Appliances 
Company. Mr. Jacobson joined MSA 
in 1930 and has developed a num- 
ber of instruments for detection c* 
explosive and health hazards, and 
for control of industrial processes. 
He holds over 50 patents on these 
instruments as well as on electro- 
mechanical analysis, radio compon- 
ents, telecontrols, flow measure- 
ment and others. A native of Tartu, 
Estonia, Mr. Jacobson was educated 
at the Imperial University of St. 
Petersburg and the University of 
Wurzburg, Germany. He came to the 
U.S. in 1923 from Latvia. He will be 
retained by MSA in a consulting ca- 
pacity. 


Tatnall Measuring Systems, a sub- 
sidiary of The Budd Company, has 
named Philadelphia Section mem- 
ber William D. MacGeorge (photo) 
as chief engineer. He is a member 
of ISA’s Committee on Research 
and Development. 


William D. MacGeorge S. W. Thompson 


Tatnall Swartwout 


S. W. Thompson (photo), New Or- 
leans Section member, will head the 
New Orleans sales office of the 
Swartwout Co., Cleveland manufac- 
turers of electronic process control 
systems. Thompson was formerly 
New Orleans branch manager for 
Moore Products Co. 


Perkin Engineering has announ- 
ced the appointment of Gawler- 
Knoop Co. as their northeastern At- 
lantic sales representatives. Walter 
Knoop is a member of the New Jer- 
sey Section. 


Elected 1959-60 president of In- 
dustrial Marketing Associates, Inc., 
is H. B. Freeman, St. Louis Section 
member, president of the Economy 
Equipment Co. 


(Please turn to page 108) 
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chopper-stabilized 
dual amplifier 

































































New Donner computer and contro! elements 
are designed to simplify the job of the analog 
systems engineer. 


If you are interested in expanding the capac- 
ity of your analog computer, no matter what 
make or size, constructing a special purpose 
computer, or erecting an analog control loop, Donner analog systems 
components will perform a precision job at an economical price. 


Typically, key specifications for 
the chopper stabilized amplifier 
shown above are dc gain in ex- 
cess of 50 million; maximum off- 
set of a unity inverter, less than 
100 pv/day; drift of unity inte- 
grator, less than 100 nv/sec; phase 
shift of unity inverter, less than 
0.5 degrees at 1 kc. Price of this 
dual amplifier is only $230 or Denner piegte sugitiiors 
$115 per channel. Even lower in rack-mount configuration 
prices on quontity sales. 


all SCIENTIFIC 
Your nearby Donner engineering representa- 
tive will be happy to supply you with complete COMPANY 





applications data or you may write us here - 

in Concord if you choose. Please address CONCORD, CALIFORNIA 

Dept. 417. Electronic engineers, exciting opportunity exists at 
nner. Write today for full details. 


Do 
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GREATER 
OUTPUT 
RESPONSE! 


Cherma bri We 
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Typical Response Characteristics of Hot Wire 





THERMA BRIDGE SENSING CELLS (TBS-5) 


Brass Block — Ambient Temperature 
d -—38S */, Max. Signal 
as Flow 0.5 SCF/H 
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(Output Signal Measured With Potentiometer) 
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Sample Sensing Element Resistance (in Ohms) 
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125 145 165 185 205 225 245 265 285 305 325 345 365 38 
Bridge Current (in ma) 


The advanced design of Therma Bridge Sensing Cells is shown in the 
typical response curve and by the following features: 


1, LOW BACKGROUND NOISE . . . no slidewire contacts in the Wheatstone Bridge 
circuit. More usable signa'. 


2. SUPER SMOOTH ELECTRICAL BALANCE . . . external balancing network uses a high 
resistance potentiometer. 

3. IMPROVED SENSITIVITY . . . active elements in bridge not shunted by the 
Slidewire. 

4. IMPROVED HEAT TRANSFER . . . hexagonal cell with open central core increases 


heat transfer to the air . . . permits greater temperature difference heated sensing 
element and cavity walls without overdriving the filaments. 


5. EXACT INTERCHANGEABILITY . . .identical size and connections interchangeable 
for all three geometries. Simplifies field replacements. 
Therma Bridge Sensing Cells Are Available With: 
* Hermetic or mechanical seals + Stainless steel, brass, aluminum 
bodies * Tungsten or platinum hot wire elements * Thermistor 
elements * Matched filaments separately available * Glass bodies to 
specific designs. 
ie iy < rope quate « one these pag Pag 
Conductivity a: 
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(Continued from page 107) 


Bourdon F. Scribner (photo) Chief 
of the Spectrochemistry Section and 
Acting Chief of the Spectroscopy 
Section, National Bureau of Stand- 
ards, received the 1959 award of the 
Spectroscopy Society of Pittsburgh 
for “outstanding cortributions to the 
field of spectroscopy.” A member of 
ISA’s Washington, D.C., Section, 
Bourdon joined the Bureau in 1927. 
He worked on the Manhattan Proj- 
ect, developing and applying spec- 
trochemical methods to the analysis 
of uranium and related materials. 
He is the author of over 40 publica- 
tions in basic and applied spectro- 
scopy. 


Bourdon F. Scribner Nathaniel Brenner 
NBS (NBS Photo) Perkin-Elmer 


Nathaniel Brenner (photo) moves 
up from Product Specialist to Appli- 
cations Engineer in the Instrument 
Division of Perkin-Elmer. Brenner 
is a member of the Fairfield County 
Section. 


Lancy Laboratories, metal finish- 
ing and waste treatment consultants, 
have announced the association of 
Robert L. Rice, Philadelphia Sec- 
tion member, as vice-president in 
charge of the Philadelphia office. 
Rice was formerly with Fischer & 
Porter. 


G. E. Moxon, Northern Califorina 
member, will represent the Arnoux 
Corporation’s line of temperature 
transducers and equipment in Cali- 
fornia, Nevada and Arizona. 


Mojave Desert Section member Al 
Oliverio has been appointed East 
Los Angeles Area manager for Nee- 
ly Enterprises. Oliverio was Sen- 
ior Field Engineer before his promo- 
tion. 


Paul Ayers and Elwood F. Blond- 
field of the Orange County Section 
have moved up in the Scientific and 
Process Instruments Division of 
Beckman. Ayers have been named 
service manager and Blondfield is 
training manager. 


ISA Journal 
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CONTROLS ENGINEERS 


Marquardt’s Controls and Accessories Division has estab- 
lished a position of leadership in the field of power system 
controls. Developing controls with high reliability; fast, 
precision response and extreme environmental capabili- 
ties provides challenge to creative engineers. If you have 
appropriate education and experience, investigate these 
job opportunities. 

CONTROLS DESIGN— To create components for pneumatic and 
hydraulic control a. Work ranges from sim pte s piston 
actuators to complex speed counpution devices. All designed 
for high sensiti ———,, extreme environmental 


t 
conditions and | 4} weight. be experienced in ma- 
have an understanding of basic design 

















fast 





chine design an 
analysis. 






CONTROLS ANALYSIS — To investigate aircraft and missile con- 
trol problems through the application of analysis methods 
in mechanics and dynamics, heat transfer, compressible 
flow, and servomechanisms. Position offers opportunity for 
creative engineering. 








DEVELOPMENT — Opportunity t to create workable 
controls components. Must have a for pareware and 
desire to undertake broad engineering Soames te por- 
tunity to solve “on-the-spot” engineering problems utilizing 
pneumatic and hydraulic control analysis techniques. 



















For additional information, please write : 
Mr. Floyd E. — pms A 
ne ee 
rt poe eaten 
ticoy Street 
1S Say tre larquardt 
CORPORATION 


ban te ert at ——e a 


y: 











- — 
itifge: 1 eee rrr errr 


Rotary Selector Switches 
Are Fast, Convenient 


For Thermocouples 
Or Resistance Bulbs 


Expertly engineered and ruggedly con- 
structed, T-E’s Rotary Selector Switches 
combine speed and convenience with 
trouble-free performance. Use them for 
frequent checking of temperature meas- 
uring circuits, for switching circuits 
from one instrument to another, or for 
connecting one instrument to a number 
of measuring points. They'll operate 
with millivoltmeter or potentiometer- 
type pyrometers, and with resistance 
bulb thermometers. Contacts and wipers 
of the same silver alloy eliminate pos- 
sible false voltages from thermoelectric 
action. Three models offer capacities of 
OFF to 6, 12 or 24 points. 


- 
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Other Types 


For equal dependability and convenience, investigate T-E’s wide variety of 
key and push-button selector switches—and quick-coupling connectors and 


panels. 
Write for Bulletin 24-WS-D 


Thermo Electric 0.inc 


SADDLE BROOK, NEW JERSEY 
In Canada —THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 
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Small, Lightweight 


MERCOID 
PRESSURE 





CONTROL 





ts 
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MERGOle 
CONTROL” 





WEIGHT: 1% Ibs. 


FOR MEDIUMS NOT INJURIOUS 
TO STEEL OR SILVER SOLDER 





{CIRCUIT I 





SP-DT HERMETICALLY SEALED MER- 


| CURY SWITCH (4A. 115V., 2A. 230V.) 


COMMON 
ON 


- HIGH 


LOW 


Provides any of following operations: 


1. Single Pole—Cut-in high (close on 
rise) 


2. Single Pole—Cut-in low (open on 
rise) 


3. Single Pole—Double Throw 





| OPERATING RANGE | 


Adjustable | Differential | Maximum 

Operating Fixed Surge 
Range (Factory Set); Limits 

1 to 20 psig! 0.5 psig. 30 psig. 





| CONSTRUCTION | 


ADJUSTMENT: External 

PRESSURE ELEMENT: Fairprene diaphragm 
PRESSURE CONNECTION: 14” I.P.S. 
MOUNTING: Has two mounting ears (one on each 
side of control) or control may be pipe mounted 
by meas of the %4” LP.S. bottom connection. 
INTERNAL WIRING CONNECTIONS: 3 post ter- 
minal block. 

CASE: NEMA 1—Heavy gauge steel, cadmium 
plated. Steel cover (with glass front) finished in 
charcoal-gray. 


WRITE FOR BULLETIN O02 


THE MERCOID CORPORATION 


4701 Belmont Ave 
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INDUSTRY 
PERSONALITIES 





Varian Associates have formed a 
new research and development sub- 
sidiary, S-F-D Laboratories, Inc., to 
be located in northern New Jersey. 
It will be headed by three former 
Bell Labs scientists. Dr. Joseph A. 
Saloom was named president of 
S-F-D; Dr. Joseph Feinstein, exec- 
utive vice-president and director of 
research; Jerome Drexler, vice-pres- 
ident and director of engineering. 
The new company will engage in re- 
search and development of micro- 
wave devices. 

In Varian’s Radiation Division, 
Paul Corbell has been named to the 
newly created post of sales mana- 
ger. 


Dell L. Wolfensparger (photo) has 
joined the Aeronautical and Instru- 
ment Division, Robertshaw-Fulton 
Controls Co., as manager, field op- 
erations, oxygen equipment. 





Joseph J. Rosecky 
Clark Bros. 


D. L. Wolfensparger 
Robertshaw- Fulton 


F. W. Laverty, president of Clark 
Bros. Co., manufacturer of compres- 
sors and gas turbines, has announced 
the appointment of Joseph J. Rosec- 
ky (photo) as executive vice-pres- 
ident. Mr. Rosecky succeeds Mr. 
Laverty, who was recently named 
president. 


Richard W. Lee has been elected 
president of General Precision Lab- 
oratory, Inc. He succeeds James W. 
Murray, who is chairman and chief 
executive officer of GPL’s parent 
company, General Precision Equip- 
ment Corp. Lee was also named to 
the subsidiary’s board of directors. 
In other GPL management changes, 
William P. Hilliard becomes vice- 
president and general manager and 
William J. Tull becomes vice-pres- 
ident, avionic engineering and sales. 


Dr. T. P. Cheatham will head the 
new Applied Science Division of 
Melpar, Inc., a subsidiary of West- 
inghouse Air Brake Co. 





BETTER CONTROLS 
for 


BENDIX* 
ULTRA-VISCOSON* 
VISCOSITY METERS 

In a single system, Bendix 
Ultra-Viscoson provides 
continuous and automatic 
viscosity control of from 
one to six individual 
stations. Ranges: 0-50/- 
500/5000/50,000 centi- 
poises X grams/cc. Ideal 
for use in liquid blending 
and fuel atomization. 
Applications in the petro- 
‘ leum, chemical, gravure 
and flexographic ane. 
steel, paint finishing, ad- 
hesives and various other 
fields. New “Viscompara- 
tor” measures and con- 
trols by comparing process 
with reference sample. 
Ultra-Viscoson systems 
are available to fill most 
industrial and research 
requirements. 





BENDIX* NUCLEAR 
DENSITY GAGE 


In process pipelines the 
Bendix Nuclear Density 
Gage provides continu- 
ous and automatic con- 
trol of fluid density. 
Range: 0.5 Sp. Gr. and 
up, with adjustable 
spans. Ideal for abra- 
sive, corrosive, viscous 
and high-pressure proc- 
esses; sensing element 
does not contact process 
material. Applications: 
liquid concentration, 
specific gravity, density, 
liquid level, slurry con- 
trol and interface detec- 
tion. Range and span 
adjustments on front 
panel. 





*REG. U. S. PAT. OFF. 


For complete information write Cincinnati Division, 
Dept. K7, 3130 Wasson Road, Cincinnati, Ohio 


Cincinnati 
Division 


“Bendix” 


Export Sales: Bendix International Division, 
205 E. 42nd Street, New York 17, N. Y. 


Canada: Computing Devices of Canada, Ltd., 
Box 508, Ottawa 4, Ontario. 
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RCA Victor has established a Digi- 
tal Control Systems Engineering 
Group within the Electronic Data 
Processing Division. R. W. Sonnen- 
feldt will head up the group which 
will emphasize the systems engi- 
neering approach to customized in- 
dustrial control systems. 


Gilbert T. Bowman (photo), as- 
sistant vice-president of Rockwell 
Manufacturing Company’s Meter and 
Valve Division, has been elected a 
vice-president of the company. He 
will be in charge of the Internation- 
al Division and Petroleum and In- 
dustrial Division. 


Robert 0. Briggs Gilbert T. Bowman 
United ElectroDynamics Rockwell 


New chief engineer of the Elec- 
tronics Division, United Electro- 
Dynamics, is Robert O. Briggs (pho- 
to). 


Osmund T. Fundingsland has been 
appointed to the position of Director 
of Research with Raytheon Manu- 
facturing Co. He was formerly with 
Sylvania, where he was manager of 
the Microwave Physics Laboratory. 


Gordon S. Burroughs has been ap- 
pointed vice-president of CBS Lab- 
oratories in charge of the newly 
expanded Military and Industrial 
Electronic Systems Division. 


John Manypenny, assistant mar- 
keting manager of Beckman’s Sci- 
entific and Process Instruments Di- 
vision, has announced the appoint- 
ment of Richard C. Erbes and Frank 
Kelley as product line managers and 
Robert L. Jackson as production 
manager. 


Elston H. Swanson, president of 
Instruments for Industry, Inc., Hicks- 
ville, N. Y., recently announced the 
appointment of Eugene B. Novikoff 
as vice-president in charge of engi- 
neering. 
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INSTRUMENT 
SERVO-AMPLIFIERS! 










an addition to the DIEHL: family of 


INSTRUMENT SERVO COMPONENTS 


This new line of Instrument Servo- 
Amplifiers, coupled to an already es- 
tablished family of DIEHL Instru- 
ment Servomotors, Tachometers and 
Gear Reducers, further expands the 
new DIEHL concept of furnishing 
high quality servo components in 
modular form. 

These units have been designed so 
that a true servomotor-amplifier com- 
bination featuring faster SERVO re- 
sponse is at last available from a 
single source of supply. 

DIEHL Instrument Servo-Amplifiers 
are supplied in ratings suitable for 
driving the popular 1, 5 and 10 watt 
motors and use printed circuitry for 
high reliability. 


Write for detailed information on this com- 
plete line of Instrument Servo Components. 





FEATURES 


¢ Standard rack mounting. 
Control adjustments for gain, 
phase, internal feedback, and 
external feedback. 
Push-pull output stage 
matched to motor control 
phase. 

e A.C. or D.C. input. 

With or without integral pow- 
er supply. 

Reliable, premium quality 
vacuum tubes. 


* SINGER 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


Sobel 





other av 


+, 


* AC SERVOMOTORS + AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS + AC AND DC TACHOMETERS * RESOLVERS 





*A Trademark of DIEHL MANUFACTURING COMPANY tA Trademark of THE SINGER MANUFACTURING COMPANY 
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Digital Transducer 


Digital transducer measures 
process variables and provides 
digital encoding for flow, liquid 
level, pressure or temperature. 
Employs completely mechanical 
amplifier, actuated directly by 
standard measuring elements, to 
position the shaft of a precision 
encoder. Available in vacuum 
and pressure ranges to 10,000 
psi, temp ranges to 600°F, ac- 
curacy of +1.0% of span. Amer- 
ican Meter, Garland, Tex. 


CIRCLE NO. 301 


High-Pressure Filter 

High pressure fluid filter as- 
semblies featuring pressure-dif- 
ferential indicator with optional 
low-temperature lockout can be 
used for most hydraulic and 
pneumatic systems, aircraft and 
missile fuels and oxidizers, and 
lubricants. Elements available in 
nominal filtration ratings from 
2 to 40 microns; ideal for sys- 
tems where operating pressures 
range from 1000 to 5000 psi. 
Bendix Filter Division, Mad- 
ison Heights, Michigan. 


CIRCLE NO. 302 


Temperature Regulator 

Temperature regulator for 
proportional control of water, 
gas or low-pressure steam is de- 
signed for all applications where 
a self-contained valve assembly 
is particularly suitable, such as 
in industrial process control. 
light-closing and ruggedly con- 
structed, it has a clearly marked 
calibrated adjusting dial for pre- 
cise temperature control. No as- 
sembly, linkage or adjustment 
necessary before or after instal- 
lation. Barber-Colman. 
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Air Filter 

New type compressed air fil- 
ter removes moisture,.oil and 
contamination by separation 
rather than absorption. Filters 
are easily installed and can be 
used in air lines with maxi- 
mum pressures up to 125 psig. 
Rated at 20 scfm and have very 
low initial pressure drop. Ac- 
cumulated water and oil can 
be drained off periodically and 
the cartridge is easily changed 
when necessary. Fram Corpora- 
tion, Providence, R. I. 


CIRCLE NO. 304 


Panel Boards 

Light weight magnesium pan- 
el boards are easier and safer 
to alter in the field. Also per- 
mit substantial savings in time, 
effort and cost when installing 
additional instruments or mak- 
ing other panel alterations in 
the field. For greater safety in 
hazardous atmospheres, need of 
blow-torch cutting or welding 
during alterations is completely 
eliminated. Can be faced on one 
or both sides with 1/16” sheet 
Formica or Mylar. Panellit. 
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Instrument Valve 

Low cost instrument valve for 
control of manometers and 
gages; working pressure of abso- 
lute vacuum to 3500 psi, tem- 
perature range —450 to +500°F. 
Over torque cannot damage the 
metering pin or seat as the pos- 
itive shut-off is a flat disc 
against the plastic seat. Oper- 
ating torque at 1000 psi only 
1” pound, at 3000 psi 4” 
pounds. Maintenance and re- 
pairs are made from the front 
of the panel. Robbins Aviation. 
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Voltage Test Set 

Incorporated in this one in- 
strument is a highly accurate 
means of measuring frequency 
as well as a-c and d-c voltages; 
ideal for use in aircraft elec- 
trical system maintenance. Ex- 
panded-scale frequency meter 
has an accuracy of % cycle at 
400 cps. D-c voltage measure- 
ment is accurate to %% at 
27.5 volts. Two a-c ranges pro- 
vide 1% accuracy at 115 and 
208 volts and 2% full scale. 
Airpax Electronics. 


CIRCLE NO. 307 


Gas Chart-Drive 


Gas-driven chart drive, which 
will operate indefinitely and 
without attention as long as 
gas pressure is available, is 
ideally suited for remote loca- 
tions such as off-shore oil wells 
and gas gathering systems. It 
has a self-starting mechanism, 
is explosion proof; internally- 
sealed timing mechanism can 
be installed in any position and 
supply pressure fluctuations will 
not affect accuracy. Rockwell 
Manufacturing, Pittsburgh, Pa. 
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HAGAN NEWSLETTER 


Behind the Panel 





MIDWEST UTILITY GETS POWRMAG COMBUSTION CONTROL SYSTEM 


Another Hagan electronic solid state combustion control system has been contracted for by a 
Midwest utility for a new unit to be completed in 1961. A single furnace, single drum boiler, 
it will operate at 2200 psi and 1010 FIT, and have a maximum continuous capacity of 2,310,000 
lb/hr steam. The Hagan systems will control combustion, fuel flow, air flow, furnace draft and 
pulverizer temperature and suction. Hagan's PowrMag (magnetic amplifier) components will be 
used for most control functions and the entire system will be solid state. Main reasons for 
the selection of the Hagan systems were low maintenance requirements, high accuracy and 
stability, and Hagan's experience. (Item H-1) 








HAGAN METER AUTOMATICALLY COMPUTES "BLAST UNITS" TO BLAST FURNACES 


At a leading steel company, air delivered to blast furnaces is charged to the Blast Furnace 
Department in terms of "blast units." A blast unit is a measure of work required to compress 
the air by turbo-blowers and is equivalent to 1000 kwh of electrical energy, or approximately 
3,415 Btu. Blast units are calculated in terms of standard cfm air flow corrected to 

15 psi gage. A common method is to integrate total air flow from air flow charts by the use 
of a planimeter and correlate with the pressure chart to 15 psi gage by applying certain 
correction factors. This method is laborious and subject to error. 


However, since the installation of the Hagan Blast Unit Meter at an Eastern plant of this 
steel company, blast units are obtained automatically and precisely. Pneumatic signals, 
proportional to standard cfm and blower discharge pressure, are transmitted to the blast 

unit meter. The computing mechanism within the meter integrates and records blast units. 
Operating personnel now have an accurate and continuous record, eliminating compromise figures 
and manual checking. (Item H-2) 








HAGAN POWRLOG TEMPERATURE CONTROLS FOR GLASS FURNACES 


GAS 


Fed with raw materials of special quality for the production of glass cloth, these furnaces 
must maintain extremely accurate temperatures in each of three sections. Initial melting is 
performed in the melter, maintained at 2800F. From there the glass flows to the refiner (2200F), 
and then to the forehearth (2200F), where the bushings through which the fiber is drawn 

are located. Hagan PowrLog units, with a suppressed range of 1600F to 3000F, take indications 
from Type R thermocouples and maintain required temperatures within 5F. Eight furnaces are 
under Hagan control as well as eight recuperators. Trouble-free operation, minimum maintenance 
and quick delivery were some of the factors which influenced the choice of Hagan as the 
supplier for these systems. Where even closer control is required, it is interesting to note 
that Hagan PowrAmp temperature controllers, sensitive to thermocouple fluctuations of 
one-millionth of a volt, are used to control bushing temperatures. These are held 

within 0.25F. (Item H-3) 


MIXING STATION GOES ON FULL AUTOMATIC IN HALF A DAY 


This system normally utilized natural gas, but since a propane-air mixture must be used as 
standby, a gas mixing station was installed. Key item in the station was a standard Hagan 
Dual Ring Balance meter equipped with ratio control. Flow to equipment in the gas line is 
measured by one ring. This signal is used to control the flow of propane, which is measured 
by the other ring. The established ratio, resulting in a 1200 Btu propane-air mixture, is 
maintained throughout the range of the meter. This type of proportioning control is exact and 
is useful in a great many applications, including chemical feed and combustion control. The 
meter was installed and placed on full automatic in half a day's time. When, at a later date, 
demand on the station changed, the Hagan meter was changed to the new, higher range by a 
simple and easily made field adjustment. (Item H-4) 

















HAGAN CHEMICALS & CONTROLS, INC. 


Hagan Building, Room 707, Pittsburgh 30, Pennsylvania 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
European Division: Via Flumendosa No. 13, Milano, Italy 


If you would like more information on any of the above items, check the appropriate box below. 


(1 Item H-1l O Item H-2 (1 Item H-3 (] Item H-4 
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> new products 


Thermocouple Connector 


High temperature thermocou- 
ple connector features direct 
contact of the «hermocouple 
lead wire to the wire of the 
thermocouple. It will operate 
to 1000°F and is reusable and 
easily removable. Connector is 
mounted on the end of the thermocouple shaft by a_ brass 
compression fitting and no welding 1s required. Available for 
1 and 2 pairs of thermocouples in one shaft. Aero Research, 
Chicago, Ill. 
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Transmitter 

Linear force-balance in- 
strument for pneumatically 
transmitting measurements 
of large differential pres- 
sures at high statics; can 
measure full scale pressure 
differences up to 3000 psi. 
Fills the important meas- 
uring gap existing when 
pressure differences exceed capacity of standard instruments. 
Recommended for such boiler plant applications as meas- 
uring pressure differences between steam header and beiler 
feedwater; pressure drop across superheater; between steam 
header and turbine throttle; across high-pressure heat ex- 
changers. Many other general uses for this sturdy, compact 
instrument. Hagan Chemicals & Controls, Pittsburgh, Pa. 
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po ISA MEMBERSHIP == 
: BENEFITS 


are completely spelled out in the free 
booklet “You And The ISA.” In it you 


will find all the benefits to management, 





engineers, and technical personnel in 
the fields of measurement, testing, in- 
formation handling, computation, and 
control. Find out what this nation-wide 


organization can do for you today. Use 


HVOEUUUOLU AANA AL 


coupon below — no obligation. 


InNeIN 


A Membership Application Form 
Is Included 





Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 


| 

| 

| Please send me your free booklet, “You And 
| The ISA” and a Membership Application Form. 
| 

| 

| 

| 


Name 





Address 





City. Zone. State 
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Time Code Generator 

Extremely accurate instrument 
for generation of time signals 
supplies an output signal that 
can be recorded together with 
other data or events. Output is 
coded so that time between two 
events or the absolute time of 
an event can be read visually 
or electronically. Time  an- 
nouncements are made in deci- 
mal form every minute. Instrument clock is a crystal oscillator 
that has stability of +3 parts in 10° per week. Comes with 
complete connections for a WWV receiver. Beckman/Systems, 
Anaheim, Calif. 
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Pressure Control 

Small size and light weight of this 
pressure control make it particularly 
suitable for installation where limit- 
ed space is available, or for mount- 
ing on wiring channels, etc. Oper- 
ating range | to 20 psig, differential 
0.5 psig, maximum pressure 30 psig. 
Features include external adjustment, 
repetitive trip point, visible calibrat- 
ed dial with pointer, visible hermetically-sealed mercury con 
tact. Mercoid Corp., Chicago, II. 
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Decade Resistor 

Instrument consists of 9 decade units having an unusually 
broad range of resistance values. Provides range of resistance 
from 0.1 ohm to 111,111,111 ohms. Completely ruggedized and 
waterproof, excellent for field or production measurements 
where the high accuracy of a laboratory instrument is _ re- 
quired. Neptune Electronics Co., New York, New York. 
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Pressure Transducer 

Advanced design achieves in- 
finite resolution output through 
the use of conductive plastic 
resistors, resolving the problem 
of dynamic performance of 
pressure instrumentation at the 
0—+1 psi level. This includes 
higher ranges where an aneroid 
type sensor is the prime mover. 
Withstands vibrational g load- 
ings from 1 to 25 g’s in all axes in the range scale from 
0—+1 to 0—150 psi, with maximum errors including all 
resonant points of 2% or less. Rahm Instruments, Westbury, 
N.Y. 
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Magnetic Repeater 

One unit does the work of 
six conventional isolating ampli- 
fiers in automatic control. A sin- 
gle signal to the magnetic re- 
peater produces six proportional 
outputs which are isolated and 
non-interacting. Adjustment of 
one channel does not aflect 
other channels. Each signal can 
be used either as a voltage 
source for an electric control unit or a current source for an 
electropneumatic converter. Outputs can be characterized at 
any percentage point for any particular value of input. Leeds 
& Northrup, Philadelphia, Pa. 
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Space Technology Laboratories’ new corporate symbol represents a bright history in a stimulating age. STL has 
provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 
and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 
technical leadership to the science/government/industry team which has built this solid, expandable foundation 
for future advances in space, and is daily adding new strength to our national security. x In addition to its major 


management functions,sTL also conducts advanced space probe experiments for the Air Force at the direction of 





such agencies as NASA and ARPA. * To those scientists and engineers with capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, astrophysics, computer technology, and other related fields and 
disciplines, STL now offers unique professional opportunities. Inquiries regarding staff positions at STL are invited. 


a new symbol 
for a new era of 


technology 








Space Technology / Laboratories, Inc. p.o.8ox 95004, LOS ANGELES 45, CALIFORNIA 
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> new products 


Airborne Recorder 





Miniaturized airborne and 
mobile magnetic tape re- 
corder combines minimum 
size and weight with maxi- 
mum reliability. Complete 
7-track recording system 
: consists of only 2 units 
a weighing total of 90% Ibs. 

Solid state components used 
throughout, operates up to 100,000 feet at temperatures from 
—54 to +95°C and withstands shocks to 15 g’s. Provision is 
made for all standard recording techniques and recorder has 
an accessory remote control unit. . mpex, Redwood City, Calif. 
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“Package”’ Controls 

Miniature “package” controls will 
do the work of much larger units 
in all but the most sophisticated ap- 
plications. New controls are avail- 
able with most of the standard cir- 
cuits usually built around API me- 
ter-relays. Power supplies and other 
components are self-contained. Eith- 
er a-c or d-c meter-relays may be 
specified. New line comes in round 
or rectangular models which can be 
ruggedized and sealed for such military applications as missile 
ground-support equipment. Assembly Products, Chesterland, O. 
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Analog/Digital Recorder 

Shaft-input analog-to-digital 
recorder records analog values 
in binary-decimal punched tape 
forms that can be read directly 
or translated automatically into 
standard punched cards or tape 
for computer processing. Simul- 
taneously supplies digital in- 
formation in form of electrical 
contacts that can be used for 
telemetering. Can be used with 
servosystem to record flow, pressure, temperature, and other 
analog values. Fischer & Porter, Hatboro, Pa. 
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Fractionator Control System 
Internal reflux computer con- 
trol system increases product 
uniformity, reduces steam con- 
sumption and danger of column 
flooding because of its ability 
to compensate for climatic ef- 
fects on the reflux system and 
for cyclic fluctuations frequent- 
ly occurring with conventional 
fractionator instrumentation. As- 
sembly from time proven pre- 
fabricated unit parts lowers initial cost, assures complete 
familiarity for servicing personnel. Taylor Instrument Com- 
panies, Rochester, N. Y. 
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* Only one inch square 
— one inch long 


# Withstands high 
vibration 

35 G to 5000 CPS 
0-3 to 0-400 psi 
400 to 10,000 ohms 


NEW MINIATURE 
PRESSURE 
TRANSDUCER 


BY COLVIN 


AVAILABLE IMMEDIATELY 


COLVIN 


LABORATORIES, INC. 
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DELIVERY 
4, 
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PURGE ROTAMETERS: 
have stainless steel 


tee ati hes tt re 





eee Rave 


SK Purge Rotameters for indicating 
and manually controlling small flows 
are competitively priced yet give 
these advantages—stainless steel 
internal parts... positive back flow 
check valve...effective flow control 
on 04. kee fe valve ... removable tube feature. 

8. . * Available with differential regulator 
eae <cenenalll for automatic control of purge rate 

of flow. Also supplied in lucite and 


fl iF le 
cee SCOT F. Write for new Bulletin 18P. 


Schule and koering COMPANY 


INSTRUMENT Division——— 
2253 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
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ADVERTISEMENT 


New Life For 
Relief Valves 


How Corrosion And Plugging Can Be Eliminated 


Pressurized corrosives and coagulatives have always presented problems in the main- 
tenance of relief valves. In one case deterioration of valve sealing surfaces is seem- 
ingly inevitable...in the other, valve aperture becomes restricted or completely clogged. 


Positive Barrier Alone Won’t Do The Job 


The only sure way known to prevent these difficulties 
is to introduce a barrier between the pressurized prod- 
uct and the working parts of the relief valve. Of course 
just any sort of barrier isn’t suitable. The effectiveness 
of valve operation would suffer. Therefore, the barrier 
must be removed at the precise moment that pressure 
reaches that point at which the valve must open. 


This Special Barrier Does It 


By installing a BS&B Quik-Sert Safety Head under 
the valve full protection of valve parts is provided. As 
long as normal operating pressure is maintained, the 
rupture disc within the Safety Head remains intact .. . 
the valve is isolated from any unwanted influence pres- 
ent (Illustration #1). 


When a predetermined pressure level is reached the 
barrier-disc ruptures instantly (Illustration #2). Pres- 
sure opens the valve, is bled back to normal, at which 
point the valve closes (Illustration #3). Processing or 
product transfer is continued temporarily without in- 
terruption. 
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Replacement Is Fast, Inexpensive 


Later at any convenient time, when the system is idle, 
the valve can be cleaned and the Quik-Sert Safety Head 
replaced. A two-fold reduction in overall costs is 
achieved through the use of a Quik-Sert Safety Head 
for valve protection... (1.) Service life of the valve 
is multiplied, thereby saving the cost of replacement 
many times, (2.) Even in the event of abnormal over- 
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pressure, operations can continue without stoppage 
until normal completion is reached. 


Change- Of-Operation Problems Reduced 


Another advantage is provided by BS&B Quik-Sert 
Safety Head protection for relief valves. In the event 
unexpected changes are necessary in processing or 
there is a change in the character of the product in- 
volved, you will not need to change to a different safety 
or relief valve. The Quik-Sert previously in service can 
be removed and an alternate unit of tic proper speci- 
fications installed beneath the same relief valve with 
a minimum of effort. 


Valve Protection Not Only Use 


Of course, the use of BS&B Safety Heads is not lim- 
ited to application under relief and safety valves. Over- 
pressure protection can be provided in any situation 
where ignition or exothermic reaction during a given 
process causes an abnormal pressure rise in seconds 
or milliseconds. 


The uses and designs of Safety Heads are undergoing 
continuous expansion. Presently they are proving their 
value in such widely diversified fields as Food and 
Chemical Processing, Aircraft and Missile Propulsion, 
Oil and Gas Production and Processing, Air Condition- 
ing and Refrigeration, Electrical Power Generation and 
many others. 


Do You Have A Unique Pressure Problem? 


New and unusual pressure relief requirements involv- 
ing corrosives, elevated or sub-zero temperatures, pul- 
sating pressures, alternate pressure and vacuum, pres- 
sure cycling, or even low-to-high-pressure shock are 
constantly being solved by the BS&B Safety Head. 


If you need a device for the protection of relief or 
safety vaives...if you need overpressure protection 
not requiring the use of valves or have a pressure trans- 
fer requirement calling for a device that will provide 
instantaneous pressure release, be sure to consider the 
BS&B Safety Head. It may very well be your answer. 
Contact your nearest BS&B Sales office or agent, or 
the Safety Head Division Headquarters in Kansas City. 


BLACK, SIVALLS & BRYSON, INC., Safety Head Division, Dept. 
2-EH7, 7500 E. 12th Street, Kansas City 26, Missouri 
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THERMOCOUPLES 


THAT WILL WITHSTAND 


2OOO°F ano 


UP TO 50,000 PSI 














NEW, SIMPLE <n 
CONSTRUCTION dR 
T 
A metallic sheath compressed ag °Uples 
over ceramic insulated wire. r : 


Sheath can be bent and 
weldments can be performed 


without loss of insulation. 








. 3.8A for complete 
Ww 

we thermocouples 
for new 4 for aerOPpak 
Bulletins Ceramic insulated 
wire. 







INSTRUMENT COMPANY, INC. 
315 NORTH ABERDEEN @ CHICAGO 7, ILL 
Sales Representatives throughout the United States and Canada 
CIRCLE NO. 114 ON PAGE 99 





oHEADACHES DUE TO 
/\ PRESSURE GAUGE 


JITTERS 


CAMPBELL 

















A Campbell Micro-Bean 
cures a headache ten times 
as fast as aspirin provided 
the headache is caused 

by a pressure gauge with 

a bad case of the jitters. 
Rapidly becoming the stand- 
ard pulsation dampener 

in many industries all over 
the world. 


Write for Literature - 





4. CAMPBELL COMPANY 
w Road 


Beact 
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> new products 


Electronic Voltmeter 

Exceptionally-high input im- 
pedance and much broader fre- 
quency ranges are two features 
of panel-mounted electronic 
voltmeter. Input impedance of 
5 megohms, paralleled by 25 
micro-micro-farads, is several 
times the customary range for 
PMEV’s. Frequency range is 20 
cps to 250 kc, extending approx- 
imately 150 kc higher than that of previous models. Metronix, 
Chesterland, O. 
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Band Equalizer and Noise Source 

Band equalizer and noise source can be used as a tailored 
random noise source; each band can be adjusted for level to 
simulate a given environmental noise spectrum. “White” noise 
generator and amplifiers are part of unit which will supply 
signals for low- and high-frequency power amplifiers to pro- 
duce high acoustical noise level in test chambers. Attenuation 
rate of 40 db per octave; spectrum range from 20 to 9600 cps 
with provision for ninth band 9600 to 19,200 cps. Allison Lab- 
oratories, La Puente, Calif. 
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Pushbutton Switch 

Small open blade, pushbutton 
switch designed for mounting 
through a panel features double 
pole, double throw circuits and 
performs the functions of two 
separate switches with resulting 
savings in cost and space. Has 
combination side and tail solder 
terminals for easy wiring. Switch 
has 0.015 in. minimum overtravel. Operating force on button 
is 8 oz max and release force, also measured on the push- 
button, is 2 oz min. Robertshaw-Fulton, Columbus, O. 
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Industrial Telemetering System 

Exceptionally accurate industrial telemetering system is de- 
signed for sampling and telemetering remote measurements in 
oil and gas pipeline systems, power distribution systems, public 
utility systems, industrial processes and others. Its output sig- 
nal is ideal for computer control. Uses only solid state and 
similarly reliable components for dependability. Can transmit 
and receive up to 30 data points with an accuracy of better 
than 99%. System expansion is easily done through plug-in 
circuit cards. Applied Science Corporation of Princeton, Prince- 
ton, N. J. 


CIRCLE NO. 323 ON PAGE 99 


Bimetallic Thermometers 

Easy-to-read bimetallic thermometers, cali- 
brated for accuracy of +1% of range over 
entire scale, including the welds. Ranges vary 
from —100 to +1000°F and from —100 to 
500°C. Newly-developed composition gaskets 
provide maximum protection against “breath- 
ing” and leakage; heavy glass windows offer 
high resistance to breakage; removable covers 
make field replacement easy if glasses are 
damaged. Daystrom/Weston, Newark, N. J. 
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Get instant, powerful response to 
temperature change with this regu- 
lator whose corrective stroke begins 
with less than 1/10 of a degree 
change in temperature at the bulb. 
Temperatures stay within the nar- 
rowest possible throttling band and 
steam waste is eliminated. Ranges 
are from —15/50°F to 240/350°F. 
Bronze, stainless steel and plastic 
‘ coated systems available. Packless 
valve requires no iubrication; internal safety spring protects 
against damage from accidental overheating. Manning, Max- 
well & Moore, Stratford, Conn. 
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Back-Pressure Valves 
Back-pressure valves with all wet- 
ted metallic parts made of stainless 
steel, for use with petroleum base 
and hydrocarbon fluids, synthetic 
oils and variety of corrosive liquids, 
maintain a constant hydraulic back- 
pressure in an upstream system by 
opening and relieving at the pres- 
sure for which they are set. Operate 
over temperature range of 60 to 
— * 200°F with max fluid viscosities of 
30 centistokes. Pressure control held within +0.1 psi through 
a broad flow range of 10:1. Cox Instruments, Detroit, Mich. 
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Electronic A-c Voltage Regulators 

Two new regulators are suitable for all land-based military 
requirements. They supply 500 or 1500 volt-amperes at nom- 
inal 115 vac. Output voltage regulation is +0.5% against varia- 
tions in input line voltage, load and power-factor changes. 
Construction and operation in accordance with MIL-I-4158A 
for ground equipment. Supplied with 0-150 vac ourput meters, 
output voltage adjustment, overcurrent breaker and control 
output voltage fusing. Sorenson & Co., South Norwalk, Conn. 


CIRCLE NO. 327 ON PAGE 99 


Chemical Metering Pump 

Rael ell i, New chemical metering con- 
trolled-volume pump for meter- 
ing clear and corrosive liquids 
to chemical processes is partic- 
ularly suited to the refining, 
papermaking and chemical proc- 
essing industries. Delivers max- 


simplex designs and double that 
: ave in duplex designs. Handles pres- 
sures s up to |, 100 psi. ens are interchangeable within the 
pump frame and models are easily converted from simplex 
to duplex capacity. Milton Roy, Philadelphia, Pa. 
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Analog Computer 

Advanced engineering techni- 
ques are within easy reach of 
the average educational institu- 
tion with this electronic analog 
computer designed for easy 
assembly hv students. The com- 
puter is completely self-contain- 
ed. Included with the kit are 
an assortment of precision re- 
sistors, Mylar capacitors, special 
silicon diodes and patch cords 
for setting up a wide range of complex problems. Heath, 
Benton Harbor, Mich. 
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As SIMPLE and 


Dependable 
as the Pull of a 
MAGNET! 





The Simplest, Most Versatile 
LIQUID LEVEL CONTROL 
Ever Devised! 






: Fe ee 
Linked to liquid level by infallible 
magnetic force, Magnetrol is free 
from the limitations inherent in 
mechanical or electrical controls. 
With the actuating magnet rated at 
98% of initial strength after 30 years, 
Magnetrol has infinite operating life, 
with practically no maintenance at 
all. There are no wearing parts to 
get out of order. 


What's more, Magnetrol’s simple 
operating principle permits easy, 
economical modification of standard 
units to meet any pressure, temper- 
ature or corrosion requirements. 
That's why there’s practically no 
limit to Magnetrol’s use. It’s also 
why “specials” are likely to be stand- 
ard with us. Magnetrol units control 
level changes from .0025-in. to 150-ft. 
—with single or multi-stage switching. 


MAGNETROL, Inc. 


5 





State 


Zone 
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Inc., 2120 S. Marshall Bivd., Chicago 23, 


catalog data and full information on 


id Level Controls. 
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The NEW Series BH100 





THE INSTRUMENT 
with the TAPE-SLIDEWIRE 





digital reading. 





* TRADE MARK 


bit 


Oooo0000000HHoOo000000000000 





Sales-Engineering Offices: 


ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.!., N.Y., WICHITA, KAN, 
MITCHAM, SURREY, ENGLAND (8ryans Aeroquipment Ltd.) 


TORONTO, ONT. (George Kelk Ltd.), 





f 


N"i0 sme Size... 


10 times THE ACCURACY 


OF STANDARD INSTRUMENTS! 







Resolution: 1 part in 10,000 
LABORATORY PRECISION for the operating plant. 
COMPATIBLE with any transducer—AC or DC. 


For strain gage, linear differential transformer, thermocouple, 
thermistor, resistance thermometer, pulse or variable fre- 
quency circuits or systems. 


@ Parabolic or logarithmic functions are linearized for direct 


@ Every scale unit is a calibrated value. 


Produced by the makers of the Jetcav® jet engine Analyzer... 
in worldwide military and airline use! 


Full information is available for the asking! 


Ba H INSTRUMENT 
Co., INC. 


3479 West Vickerv Bivd., Fort Worth 7, Texas 
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Proceedings, 1959 Conference Instru- 
mentation for the Iron and Steel 
Industry, 87 pp., $3.50. 

Contains 10 papers presented at the 

1959 ISA Iron and Steel Conference 

sponsored hy the Pittsburgh Section, 

SA. Among the papers are “Instru- 
mentation for a New Open Hearth 

Furnace,” “Computers as a Means 

Toward Improving Open Hearth Ef- 

ficiency,” “Automatic Ingot Weight 

Control.” (Order from ISA, 313 

Sixth Avenue, Pittsburgh 22, Pa.) 


Proceedings of the Large-Crystal 
Spectrometry Symposium, Cincin- 
nati, Ohio, May 23, 1958, 77 pp., 
$2.25. APEX-471 

An Instrument for Indicating Mer- 
cury Level Inside Thick-Walled 
Steel Pipe, 7 pp., 50 cents. DP-304 


A Multicolor Pyrometer, 2 pp., 75 
cents. HW-57162. 

Three reports of research on instru- 

ments for the AEC. (Order by num- 

ber from OTS, U.S. Department of 

Commerce, Washington 25, D.C.) 


Proceedings, 1958 Chemical and Pet- 
roleum Symposium, 87 pp., $5 to 
ISA members; $8 to non-members. 

Contains eight papers presented at 

the 1958 Symposium on Progress 

and Trends in Chemical and Pet- 
roleum Instrumentation sponsored 
by the Wilmirgton Section, ISA and 

the Chemical and Petroleum Divi- 

sion, ISA. Papers include “Analog 

Simulation of Industrial Processes,” 

“Progress Report on Data Log ing,” 

and “Application of Digital Systems 

to Process Control.” (Order . from 

ISA, 313 Sixth Avenue, Pittsburgh 

22, Pa.) 


Automation: Its Impact on Business 
and Labor, John Diebold, 64 pp., 
$1.00 . 

An automation expert, head of a 

management consultant firm, takes 

a penetrating look at the social ef- 

fects of automation; its effect on the 

economy; discusses problems creat- 
ed by the new technology and some 
solutions. Earnestly recommended 
for every industrial manager and 
labor leader. (Order from National 
Planning Association, 1606 New 


Hampshire Ave., N.W., Washington 


9, D.C. 


Proceedings, 1958 Flight Test Instru- 
mentation Symposium, 249 pp., 
$8.00. 

Contains 46 papers presented at the 

4th Annual ISA Flight Test Instru- 

mentation Symposium, covering 
problems and advances in the field 
of flight testing. (Order from ISA, 

313 Sixth Avenue, Pittsburgh 22, Pa.) 
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Screw cover thermocouple 
head and interchangeable 
terminal blocks. Left to right, 
single thermocouple terminal 
block, duplex thermocouple 
terminal block, resistance 
thermometer terminal block. 


Honeywell screw cover thermocouple head... 


standardize on it for complete protection 


This new Honeywell thermocouple head has a screw cover that 
provides superior protection against weather and corrosion. Threads 
are on the inside of the base, safe from chipping. A special moisture- 
resistant asbestos-rubber type gasket protects the threads from corro- 
sion. The entire unit is coated with a high-temperature aluminum 
enamel to prevent rusting and freezing of cover to base. Slots in head 
make assembly easy with wrench or screw driver. 


Use Honeywell screw cover thermocouple heads wherever you need to 
protect thermocouple terminal connections or connections to high- 
speed resistance thermometer bulbs. They accommodate either single 
or duplex terminal blocks, and are ideal for many special applications 
where twin thermocouples with a single head are needed. 


Order from your Honeywell instrument sales engineer. Call him today 
at your local Honeywell branch . . . as near as your phone. 


MINNEAPOLIS- HONEYWELL, Wayne and Windrim Avenues, Philadel- 
phia 44, Pa. 


Honeywell 
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Where there’s no 
margin for error... 


westronics 


RECORDING 
POTENTIOMETERS 





11” CHART 
AVAILABLE WITH 
ONE or TWO PENS 
RECORDING FULL SCALE 


FEATURING 


SMALL SIZE 
@ Only 60% the size of old 
line instruments 


@ Designed for standard 
relay rack mounting 


VERSATILITY 

@ Minimum span—1 MV 

@ Plug in range, MV or TC 

@ Chart drives, synchronous 
and/or selsyn, with large 
selection of speeds 

@ Marker pens, L and/or R 

@ Limit switches 

@ Transmitting slidewires 


Also available: One and two 
pen 5” recorders 


westronics, 





INCORPORATED 
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new literature 


New publications that will keep you up-to-the-minute on developments. 
Catalogs are sent direct by the manufacturer without cost or obligation. 
Circle Code Number on the Readers Service Postpaid Postcard, Page 99. 


1OAA journal 











C-R Tube Chart 

Physical and electrical characteristics 
of over 60 single- and multi-gun cathode 
ray tubes for industrial and military ap- 
plications given in handy chart form. All 
sizes, types of C-R tubes for instrumenta- 
tion. Electronic Tube, Philadelphia, Pa. 
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Instrument Shipping Cases 

Reusable instrument shipping cases for 
transporting all types of delicate instru- 
ment and electronic equipment described 
in 2-page bulletin. Complete info, in 
tabular form, on all available sizes and 
specifications. Continental Diamond Fibre, 
Newark, Del. 
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The Billion-Aire 

Billion-Aire trace gas analyzer, design- 
ed for detection of contaminants in air 
or process streams in parts-per-billion, is 
described in bulletin 0714-3. Principles 
of operation fully outlined. Operational 
and construction details shown in cross- 
sectiion of typical detector cell, flow dia- 
gram, schematic wiring diagrams. Mine 
Safety Appliances, Pittsburgh, Pa. 
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Voltage Regulators Catalog 

Application, description, selection 
weights, dimensions and connection dia- 
grams are given in 60-page illustrated 
booklet describing redesigned dry-type 
and liquid filled voltage regulators 60 
and 400 cycles. General Electric, Pitts- 
field, Mass. 
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industrial Waste Disposal 

Population shifts and clean stream leg- 
islation have complicated industrial waste 
disposal programs. These problems and 
some methods of handling them are dis- 
cussed in reprint “Some Possible Ann!i 
cations of Nuclear Energy to Problems 
of Waste Disposal.” Nuclear Science and 
Engineering, Pittsburgh, Pa. 
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Magnetic Tape Instrumentation 
New 24-page catalog DC-3171 describes 
and illustrates multichannel magnetic 
tape system for labs, test cells, telemeter- 
ing recording and other precision appli- 
cations. Extensive performance applica- 
tions are given. Minneapolis-Honeywell, 
Beltsville, Md. 
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Electronic Function Plotter 

Reprint of technical article describing 
electronic function plotter which combines 
analog and digital electronic techniques to 
achieve curve-plotting accuracy of 0.01% 
for frequencies from 3 cps to over 400 
KC. Computer Equipment, Los Angeles, 
California. 


CIRCLE NO. 407 ON PAGE 99 


Data Processing Systems 

Bulletin CC-220 describes an advanced 
research, design and development facility 
for data processing systems and compo- 
nents. Block diagrams and illustrations of 
typical systems are included. Franklin 
Electronics, Van Nuys, Calif. 
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Steel Tubing Table 

Complete table of mechanical proper- 
ties of PH 15-7 Mo, small, cold-drawn 
tubing of precipitation-hardening stain- 
less steel analysis which has excellent 
mechanical properties at room temps and 
outstanding ones at elevated temps. Also 
info about tubing made from the mate- 
rial in Analysis Memo 120. Superior 
Tube, Norristown, Pa. 
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Mass, Volume, Length Standards 

Illustrated, 32-page catalog of precision 
standards of mass, volume and length 
includes a number of new classifications. 
Catalog also features new comparative 
weight tolerance charts and weights and 
measures reference tables. W & L. E. Gur- 
ley, Troy N. Y. 
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Hi-Speed Microfilm Printer 

Microfilming unit can record computer 
output data at rate of 15,000 characters 
per second. For such applications as graph 
plotting, tabular printing, design engi- 
neering and computer monitoring. Com- 
prehensive booklet describes operation, 
applications and construction. Stromberg 
Carlson, San Diego, Calif. 

CIRCLE NO. 411 ON PAGE 99 


Liquid Level Gages 

Detailed info on special patented con- 
struction, other design features and speci- 
fications of non-frosting liquid level gages 
in new data unit 351. Special construction 
guarantees that vision slot will not frost 
over in gaging low temperature liquids. 
Jerguson Gage & Valve, Burlington, Mass. 
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HONEYWELL 


can give you a tighter 
grip on gauge costs! 


Been looking at gauge buying in your plant 
as “routine”? In terms of gauge performance 
you need, accuracy you get, price you pay 
. -. and how and where you buy? You can 
pick up real savings with a closer look at 
your gauge requiveraents . . . and at what 
United States Gauy : offers. USG features the 
world’s largest stock of indicating dial pres- 
sure gauges. Over 50,000 standards, plus 
specials, with all possible choices of sizes, 
case stylings, pressure ranges and case mate- 
rials . . . up to and including the finest gauges 
of highest accuracy. One source meets 99% 
of your pressure gauge needs, with the exact 
gauge for the exact purpose at the right price. 
And one phone call to your USG distributor 
taps that source. See the Yellow Pages, or 
write for catalogs and name of your nearest 


USG distributor today. 





UNITED STATES GAUGE 


Division of American Machine and Meials, Inc., Sellersville, Pa. 
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Replacement costs too high? 
Volume - priced, precision - built 
USG drawn-case gauges are the 
money-savers for replacement of 
any A.S.A. Grade B gauge in 
your plant (accuracy of 2% guar- 
anteed). These standbys are spe- 
cified by more than 60% of orig- 
inal equipment manufacturers to- 
day. Proof of USG reliability and 
value! Write for Catalog 64A. 
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Paying a premium for quality 
design, reliability? Check the new 
USG A-Line, premium design at 
savings up to 40% of premium 
prices! Meets A.S.A. Grade A 
Standards, including accuracy of 
1%. Wide range of cases, sizes, 
movements, pressures cuts you in 
on A-Line savings wherever you 
need dependable gauge perform- 
ance. Write for Catalog 305. 


Paying for performance you don’t 
get? Look at the USG Super- 
gauge® line. Built like a watch 
to A.S.A. specifications for Grade 
AA Test Gauges, these gauges pay 
for themselves in long-lived, de- 
pendable performance and lower 
maintenance costs. Accurate to 
0.5% of scale range. Full selec- 
tion of case styles, sizes and op- 
tions. Write for Catalog 1819. 
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Losing ovt on highest accuracy? 
USG Test Gauges are the elite 
of the industry, equalling or ex- 
ceeding A.S.A. Grade AA stand- 
ards with accuracy as high as 0.2 
of 1%! Styles, sizes and case ma- 
terials for all types of laboratory 
and test uses. You can't buy higher 
quality and precision in a test 
gauge! Get your money's worth 
at USG. Write for Catalog 400. 
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Instrument Catalog 

Potentiometer type signalling control- 
ler designed for two-position (OFF-ON) 
control described in 4-page catalog 51. 
Instrument is designed for fail-safe oper- 
ation and is ruggedly constructed to with- 
stand mechanical shock and adverse at- 
mosphere. Thermo Electric, Saddle Brook, 
Ns. §. 

CIRCLE NO. 413 ON PAGE 99 


Chromatographic Analysis 

Catalog F details chromatogram scanner 
that includes synchronous stepping me- 
chanism which advances strip to be 
scanned in finite steps from 0 to 1/4” 
as selected by continuously variable con- 
trol knob. Step scanning eliminates need 
to determine optimum ratemeter time. 
Also gives printed record of count rate. 
Tracerlab, Waltham, Mass. 

CIRCLE NO. 414 ON PAGE 99 


Impedance Bridge 

Four-page bulletin describes new type 
1650-A impedance bridge replacing the 
manufacturer's popular 650-A_ Bridge. 
The new bridge improves on most of the 
electrical specifications of its predecessor 
and offers many new mechanical features 
setting new standards for compactness, 
ruggedness and ease of operation. Gen- 
eral Radio, West Concord, Mass. 


ODS Controlled Volume Pump 

Bulletin on ODS controlled volume 
pump for +2% metering accuracy at 
slurry capacities to 180 gph against pres- 
sures to 90 psi. Also, a 1-page leaflet on 
“How to Meter Slurries Accurately.” Mil- 
ton Roy, Philadelphia, Pa. 


CIRCLE NO. 416 ON PACE 99 


Pressure Switch Catalog 

Fully illustrated 36-page catalog and 
design handbook features complete line 
of pressure switches by specific type. 
Detailed info on electrical and mechan- 
ical characteristics, spare parts table, or- 
dering chart, adjustment instructions. 
Barksdale Vales, Los Angeles, Calif. 


CIRCLE NO. 417 ON PAGE 99 
Jet Flight-Path Computer 


Complete details on analog computer 
designed to preselect the optimum flight 
path for a jet aircraft on a domestic, 
overseas or charter route given in bulle- 
tin 500 which also covers applications 
of the flight-path computer. Colorado Re- 
search, Broomfield, Col. 


CIRCLE NO. 418 ON PAGE 99 


Precision Test Equipment 

Four-page bulletin gives features and 
specifications on signal generators and 
signal generator calibrators, plus other 
precision test instruments. Boonton Ra- 
dio Corp., Boonton, N. J. 


CIRCLE NO. 419 ON PAGE 99 


Steam Pressure Regulators 

lilustrated catalog sheet describes two 
new differential pressure regulators for 
steam service. Photos, lists of materials, 
ordering info, features installation and 
methods of operation. Atlas Valve Co., 
Newark, N. J. 


CIRCLE NO. 420 ON PAGE 99 
Solid Front Gages 


Solid front pressure indicating and test 
gages described in 4-page brochure 500SF. 
Construction details in photos and dia- 
grams, specifications. dimensions, types of 
cases and rings, construction details. Cros- 
by Valve and Gage, Wrentham, Massa- 
chusetts. 


CIRCLE NO. 421 ON PAGE 99 
Hydraulic Test Cart 


Portable, self-contained hydraulic test 
cart for missile field test procedures is 
described in 2-page bulletin 1373. Photo- 
graphs, dimensional line drawings, circuit 
schematic plus various operational char- 
acteristics and specifications are included. 
George L. Nankervis Co., Detroit, Mich. 


CIRCLE NO. 422 ON PAGE 99 
Three Norelco Reprints 


Three free reprints available: “Meas- 
uring X-ray Diffraction Speeds Scale 
Analysis,” “Why X-rayed Diamond Tools?” 
and “X-rays Play Key Role in American 
Smelting Research.” Phillips Electronics, 
Mt. Vernon, N. Y. 


CIRCLE NO. 423 ON PAGE 99 
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MOVE CORROSIVE LIQUIDS> 


} Material being pumped 
| with pump por — Rr Wave-like motion of steel 


POSSIBLE ONLY 
with a 


SIGMAMOTOR 
PUMP 


never comes in contact 














MANSFIELD 
GREEN 


INC. 












1051 POWER AVE. * CLEVELAND 14, OHIO 








One or more tubes can be feeding material 
to a mix while a larger tube is recirculati 
the liquid to produce agitation and thor 
mixing. Viscous moterials can be 


meter appitives 








DIFFERENT LIQUIDS 

SIMULTANEOUSLY 

Some models will accommodate up to four tubes 
so that four different liquids can be passed 
through the pump at one time without danger 
of contamination. 


FEED AND MIX 





One or more additives can be pumped to a solu- 
tion in the exact amount desired by selecting the 
correct size of tubing and regulating pump speed. 
Various controls can be incorporated to close 
valves ahead of pump. 

Capacities from 0.5 cc. per min. to 4.5 G.P.M. 
Write for complete information on sizes and capacities. 


SIGMAMOTOR, INC. 


39 N. Main Street ° Middlegort, N. Y. 
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ISA Journal 


A-to-D Recorder 


Shaft input device that converts and 
records analog values in digital binary 
decimal punched tape form and simul- 
taneously provides digital values in elec- 
trical form for telemetering and other 
purposes described in 8-page catalog 35- 
1541. Fischer & Porter, Hatboro, Pa. 


CIRCLE NO. 424 ON PAGE 99 


Valve and Cable Locator 

Transistorized pipe valve and cable lo- 
cator features single turn transmitting 
and receiving coil cast right into the 
fiberglass case. Transmitter has switch 
to allow for good and poor conductive 
ground and receiver has 3-position switch 
plus a variable gain control. Gardiner 
Electronics, Phoenix, Ariz. 


CIRCLE NO. 425 ON PACE 99 


The Vanishing “‘Trimpot”’ 

Bourns’ shrinking “baby” —the Model 
220 Trimpot —is at it again. Redesigned 
in new subminiature size—17 units can 
be mounted in | square inch of panel 
space —it’s as rugged as ever and fea- 
tures humidity proof construction and 
high power dissipation. More in spec 
sheet 220/E/59. Bourns, Riverside, Calif. 


CIRCLE NO. 426 ON PACE 99 


Viscosity Control Equipment 

Viscosity control equipment for auto- 
matically adding solvent to correct evap- 
oration losses detailed in bulletin V-1224. 
Installation data, principles of operation, 
components table, features. Norcross Corp.., 
Newton, Mass. 


CIRCLE NO. 427 ON PAGE 99 


Transformers-Test Instruments 

Technical brochure illustrates and de- 
tails standard line of low power pulse 
transformers and electronic test instru- 
ments. Physical and electrical specs and 
technical application notes in 4-page bro- 
chure. Price list. Technitrol Engineering, 
Philadelphia, Pa. 


CIRCLE NO. 428 ON PACE 99 


Small Computer Uses 

Paper by Paul Seligman of Portland 
Cement Association describes probiems 
that led to acquisition of small digital 
computer, the uses to which it has been 
put and the benefits derived. S-509. Royal 
McBee, Port Chester, N. Y. 


CIRCLE NO. 429 ON PAGE 99 


Spectrophotometer Accessories 

Two new accessories for Ultraviolet- 
Visible-Near Infrared spectrophotometer 
described in data sheets UV-AC-001-58 
and UV-AC-003-58. Accessories are Spec- 
ular Reflectance Attachment and Diffuse 
Reflectance Sphere Attachment. Perkin- 
Elmer, Norwalk, Conn. 


CIRCLE NO. 430 ON PAGE 99 
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STANDARDIZATION 
OF 
TRANSDUCERS 


After three years of opera- 
tion on rocket test stands 
and months of extrapolation 
to the missile airborne in- 
strument calibration prob- 
lem, the method of Statham 
Standardization is ready for 
general use. 

Briefly, it is an electrical 
technique whereby any 
number of Statham un- 
bonded strain gage pressure 
transducers and accelerom- 
eters can be made to have: 
(a) the same transfer func- 
tion, and (b) single shunt 
1 calibrating resistor stand- 
| ardization over a wide tem- 
| perature range, with a fixed 
percentage of accuracy. The 
following benefits are 





; 1 Immediate access to 

' meaningful data after | 
i ' 
i test. i 
| 2 Elimination of calibra- } 
: tion curves. 

1 8 Fast, complete system 
; electrical calibration. 
' 4 Easy transducer system ! 
1 sensitivity checks. 

! 5 Free interchangeability 
1 

1 of transducers from a ! 
: pre-calibrated stock. 

1 

' 


! 
For full details write for! 


Data File ISA-754-1. 


STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 
Los Angeles 64, California 


' 
' 
' 
' 
' 
' 
' 
1 
' 
' 
1 
' 
i 
' 
' 
‘ 
‘ 
\ 





- 





CIRCLE NO. 123 ON PAGE 99 





' 
! 
' 
; obtained: ; 
! 
‘ 


| 
With % Volt Output 


TATHAM 


ANNOUNCES 


HIGH OUTPUT 
MINIATURE 
UNBONDED 

STRAIN GAGE 





Pressure Transducers 


Statham’s continuous product} 
development has now 
provided the flight 
instrumentation engineer 
with subminiature 
transducers which 
are compatible with 
present day 
high level commutators. 
| The % volt output makes 
| it possible to simplify 
' instrumentation systems | 


and at the same time 
provide the accuracy, 
reliability and service 
life characteristic 
of the unbonded 
strain gage. Write to 
Dept. 1SA-602-2. 
STATHAM INSTRUMENTS, INC. 
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VALUE OF INPUT FEED AND STEAM USED 
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$ GAIN across the - 
column -- - total new equipment 
cost under $5000. 


More Information? write -- 


aximize 


M 
QUARIE CONTROLLERS, Canton, Massachusetts - 


OPTIMAL CONTROL to 
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Meter-Relays Bulletin 

Exclusive design features that make for 
control reliability in meter-relays de- 
scribed in 4-page bulletin S-1. Simple, 
graphic explanation of how meter-relays 
measure and control practically any vari- 
able that can be detected electrically. As- 
sembly Products, Chesterland, O. 


CIRCLE NO. 431 ON PACE 99 


Transistorized Logic Circuits 

Brochure 11959 is preliminary releasc 
on complete selection of digital logic 
circuits. Basic AND gates, OR gates, 
emitter followers and inverters are made 
in single and dual plug-in units, with 
PNP, NPN or complementary symmetry 
circuits. Walkirt, Inglewood, Cal. 


CIRCLE NO. 432 ON PAGE 99 


Temperature Controls Catalog 

Temperature controls and allied equip- 
ment for industrial heating and refrigera- 
tion included in 8-page condensed catalog. 
Charts, specifications and descriptions of 
line of controls at any and all levels from 
—30 to 1100°F. Partlow Corp., New 
Hartford N. Y. 


CIRCLE NO. 433 ON PACE 99 


Instrumentation Developments 

Latest issue of “The Laboratory” fea- 
tures new instruments for surface ten- 
sion, laboratory recording and analytical 
weighing. Feature story on new lab de- 
velopments in the building industry. 
Fisher Scientific, Pittsburgh, Pa. 


CIRCLE NO. 434 ON PACE 99 


Signalling Timers 

Automatic reset signalling timers pro- 
vide audible signal at end of pre-set 
time cycle. Available in standard 50 or 
25 cycles or on special order in longer 
time cycles up to 60 hours, or shorter 
cycles, down to | second. One-page bul- 
letin 402. Industrial Timer, Newark, N. J. 


CIRCLE NO. 435 ON PAGE 99 


Precision Pulse Generator 

Bulletin 3020-9 describes new precision 
pulse generator for calibration of single- 
and multi-channel pulse height analyzers. 
Covers suggested applications, gives fea- 
tures, performance and specification data. 
Victoreen Instrument Co., Cleveland, O. 


CIRCLE NO. 436 ON PAGE 99 


Paper Tape Reader 

Paper tape reader is described in illus- 
trated 2-page data sheet. Used in com- 
bination with general purpose digital 
computer, the photoelectric reader accepts 
paper tapes punched in any numeric 
code. Bendix Computer, Los Angeles, 
Calif. 

CIRCLE NO. 437 ON PAGE 99 


Instrureent 
Society of America 
presents its 
14th Annual International 
Instrument-Automation 
Conference & Exhibit 
Chicago International 


\ 
i 


September 21-25, 1959 


\ Amphitheater b ] 





~~ F 4 
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THE WAY TO GO... 


UNITED 
AIR 


Enjoy extra care at no extra fare! 
Choose luxurious First Class, or 
economical Air Coach. Radar on 
every plane. Fast, dependable 
schedules to suit your convenience 
on the convention route of the na- 
tion. For information write: M. M. 
Mathews, Mgr., Convention Sales, 
United Air Lines, 36 S. Wabash, 
Chicago 3. Or see your travel agent 
and ask for his suggestion about 
combining a low-cost vacation with 
your convention trip. 
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Recorders-Recording Controllers 


Continuous self-standardizing strip-chart 
recorders and recording controllers for 
measurement of electrical and process 
variables described in 12-page GEA-6887. 
Photos, application data, control system 
schematics, specs and dimensions. General 
Electric, Schenectady, N. Y. 


CIRCLE NO. 438 ON PAGE 99 


Vibration Pickup 

Vibration pickup is described in bulle- 
tin 1575. General description, specifica- 
tions, applications and nomograph of this 
precision calibration standard. Consoli- 
dated Electrodynamics, Pasadena, Cali- 
fornia. 


CIRCLE NO. 439 ON PAGE 99 


Densitometer-Integrator 

Up-to-date description of curve-drawing 
densitometer-integrator for accurate, auto- 
matic measurement of colored material 
on filter paper or film. Design info, oper- 
ating principle, specs, linearity of re- 
sults in 4-page SBA-l. Beckman, Palo 
Alto, California. 


CIRCLE NO. 440 ON PAGE 99 


Form Printer 

Ten-page brochure gives technical de- 
tails on form printer which prints elec- 
tronically controlled data on pre-printed 
forms. Applications include logging in- 
strumentation data, recording automatic 
checkout data, etc. Brochure S-112. Clary 
Corp., San Gabriel, Calif. 


CIRCLE NO. 441 ON PAGE 99 


Specific Gravity Indicator 

Specific gravity indicators for continu- 
ous measurement of liquid specific grav- 
ity eliminate uncertain manual sampling. 
Bulletin 18s gives complete construction 
details, dimensional and _ cross-section 
drawings to illustrate simplicity and ease- 
in-use of instrument. Shutte & Koerting, 
Cornwells Heights, Pa. 


CIRCLE NO. 442 ON PAGE 99 


Control Equipment Catalog 

Complete line of reliable, high-speed 
electronic counting and control equip- 
ment featured in fully illustrated catalog 
5920. Units individually designed for one 
or a score of industrial and manufactur- 
ing applications. Freed Transformer, 
Brooklyn, N. Y. 


CIRCLE NO. 443 ON PAGE 99 


Feed Water Control System 
Advantages, principles of operation and 
typical diagrammatic drawings of 3- 
element feed water control system in 8- 
page bulletin 530. Installation photo- 
graphs and chart reproductions showing 
constant drum level under varying load 
conditions. Bailey Meter, Cleveland, O. 


CIRCLE NO. 444 ON PAGE 99 
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LEVEL INDICATION * DETECTION * CONTROL 





For positive on-off control and determination 
of liquid or solid level within a closed vessel 
or piping using nuclear radiation. Mounted 
externally. RADIONIC is used NOW for CO, 
fill control, uranium ore hoppers, food con- 
tainer filling, varnish blending, acid slurry 
refining, asphalt pots, ‘green salt’ reactors, 
high energy jet fuels, latex drums, electrical 
transformer case filling. 
Write for Bulletin No. 558 








... A capacitance operated super-sensitive elec- 
BY CAPACITANCE tronic relay. Detects liquid or solid levels, 
liquid-liquid or foam-liquid interface*. Probe 
mounted internally. -O-PROBES® 
are NOW in use for detection of liquors and 
foam in pulp and paper mills; heavy fluids, 
acids and fluid interface in chemical plants; 
alarm for refrigerant control in 

plants; mixed feeds; water-oil interface; fluids 
in dairies, breweries, etc. 

Write for Bulletin No. B-06 


* Model B-06 shown features unitized explosion-proof con- 
struction, plug-in components, tank side mounting. 
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Precision instruments require 


mirrors and optical parts of 


fj asso.ute EXACTINESS @ 


OUR 
© © first surface mirrors 
with half-wave prote ction 
@ © semi-transparent mirrors 
metallic and non-metallic 


© © beom splitters 
© © optical filters 


Guaranteed to be 











Without 
DISTORTION 
DIFFRACTION 
DIFFUSION 


All work to closest specification by the pioneers 
and leaders for a quarter of a century in de- 
positing metal films. Send for our free booklet. 





FILMS CORP. 


New York 
Dept. A 
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‘ GPS 
photo courtesy ~f United Shoe Machinery Corp. 


TORSION TEST STRAIN GAGES EASILY 
ATTACHED WITH WELDMATIC WELDERS 


It takes only an instant to weld gage lead wire straps to this torsion measuring 
device. Research engineers of United Shoe Machinery Corp. use the Model 1016 
portable Weldmatic stored-energy welder with a tweezér-type handpiece. A 
versatile combination, it’s kept busy connecting strain gages and thermocouples 
to all sorts of structures. Welds are sturdy, resistant to shock, vibration, high 
temperatures. Write for technical data. 


TIC DIVISION OF UNITEK CORPORATION 
WELD MA 258 North Halstead Avenue « Pasadena, California 
SALES ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 
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-MUIRH 
SYNCHROS 


Types include Control Transmitters, 
Control Differential Transmitters, 
Control Transformers, Torque 
Transmitters and Receivers, Torque 
Differential Transmitters, Resolvers, Linvars, Servomotors, Motor 
Tachometers and Tachometer Generators. 











Where military specifications exist, Muirhead synchros can be 
supplied satisfying Bureau of 
Ordnance and N.A.T.O. require- 
ments. 





A concise index to all the types 
manufactured is given in the 
Muirhead Synchro Broad Sheet, 
which will be forwarded on 
request. Detailed information on 
individual types is also available. 





406 


MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK I7-N.Y.- U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD - ONTARIO CANADA 


MUIRHEAD & CO. LIMITED BECKENHAM KENT ENGLAND 
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new literature 





Turbine Flowmeters 

Turbine flowmeters for measuring the 
flow of jet fuel, gasoline, oil, water, acid 
and alkali chemicals and other liquids 
described in 4-page bulletin 1384. Illus- 
trated with photos and drawings, bulletin 
also discusses new turbine flowmeter de- 
sign and its complete specifications and 
characteristics. Cox Instruments, Detroit. 


CIRCLE NO. 445 ON PACE 99 


Quality Control Manual 

Valuable reference manual for the files 
of technical and purchasing executives, 
educational institutions and government 
agencies; 224 page catalog and register 
of testing machines includes 87 different 
broad categories of physical testing areas. 
Distribution is on a limited basis. Test- 
ing Machines, Inc., Mineola, N. Y. 

CIRCLE NO. 446 ON PACE 99 


Gamma Radiation Systems 

Operating principles, performance and 
advantages of gamma radiation measuring 
systems for density and specific gravity 
and liquid control in 6-page bulletin 
105-C. Gages provide continuous, accurate 
and automatic control in applications in 
such industries as petroleum, chemicals, 
pipeline and pulp and paper. Ohmart, 
Cincinnati, O. 


CIRCLE NO. 447 ON PAGE 99 


Low Capacity Feeder 

Low capacity chemical feeder for low 
cost controlled feeding of Hypochlorite 
or other water treatment chemicals into 
small water systems described in bulletin 
1913.20A-1. Two-pages of descriptive text, 
features and operational data, installa- 
tions photos and dimensional drawings. 
B-I-F, Providence, R. I. 


CIRCLE NO. 448 ON PACE 99 


High Pressure Gage Catalog 

Specifications, photographs and other 
pertinent info on all-new high pressure 
gages in 6-page catalog. Ordering info 
facts on rugged construction, included 
in catalog. Rochester Manufacturing Co., 
Rochester, N. Y. 


CIRCLE NO. 449 ON PAGE 99 


Nuclear Reactor Monitoring 
Applications of digital control comput- 
er in nuclear field described in 8-page 
brochure which includes block diagrams, 
other illustrations. Complete description 
of ruptured fuel element detection system 
i. French commercial nuclear power 
plant. Other nuclear applications dis- 
cussed, such as data logging, alarm scan- 
ning, on-line computation, etc. Thompson- 
Ramo-Wooldridge, Los Angeles, Calif. 


CIRCLE NO. 450 ON PAGE 99 
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New York Area Manufacturer of 
ELECTRONIC and MECHANICAL 
—OPTICAL Instruments and Systems 


has openings for TWO—TOP— CREATIVE — MEN 
This Company is a recognized leader in its field and is 
well known for the quality, precision, and reliability of 
its products. The company is R&D minded and has 
made great strides in advancing the “Art” of Electro- 
Optical-Mechanical Instrumentation. 


CHARTS 


for Recording 
Instruments 


Ph.D. in Physics with additional 
training and/or — in elec- 
DIRECTOR tronics an| optics. onstrated cre- 


OF ative abi ty and experience in ap- We offer to the Instrument 
plication of these disciplines to R&D. Maker Charts for all methods 
R&D Understanding and appreciation for of Recording: Pen, Ball Point, 


production and marketing problems. 
Mature, 30-45 years old. 


Degree in Physics or Mechanical 
Engineering with an understanding 
DIRECTOR of Electro-Mechanical-Optical Instru- 
OF mentation. Proven ability in Technical 
Sales, Organization and Marketing 
MARKET Planning. Must be able to coordinate 
PLANNING activities and lend direction to Sales, 
R&D and Production. Mature, 35—45 

years old. 


Electrical, Thermal, Pressure 
and Metallic Stylus. 


Uniform accuracy is assured 
through the use of specialized 
equipment operated under 
controlled atmospheric humid- 
ity conditions. 


(GUBELMAN 


CHARTS INCORPORATED 


This company is t dependent j s. 
s pany is not dependent on government contracts 100-8 E. KINNEY ST., NEWARK 5, WN. J. 


Replies confidential. Write or call 
V. P. of Executive Recruiting 
Bruce Payne & Associates— 
International Management Consultants 
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TRANSDUCER RESEARCH 
ELECTRONIC INSTRUMENTATION 


Interesting and challenging work in Instrumentation is in progress at the ARMOUR RESEARCH 
FOUNDATION, one of the nation’s foremost independent research organizations. 


Positions are available for qualified personnel in research, development and application of sensors 
for measurement of 


TEMPERATURE e ACCELERATION e FORCE 
PRESSURE e DISPLACEMENT e FLOW 


and other Physical, Chemical, and Meteorological quantities. Present programs in transducer research 
include development of sensors and associated electronic circuits for use in military and industrial 
control, telemetry, automatic inspection and data processing systems. 


The Foundation offers a professional atmosphere in which to work, competitive salaries, and liberal 
employee benefits including relocation allowance, an excellent vacation policy, insurance and retire- 
ment programs, and the opportunity for tuition-free graduate study at Illinois Institute of Technology. 


Inquiries are invited from engineers and physicists with BS. degree and at least two years experi- 
ence in instrumentation. Please send a resume of your qualifications to 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 W. 35th Street Chicago 16, Illinois 
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MINIATURE 
SCREWS 


NUTS - WASHERS 


WHOLESALE 


o—80 
1—72 
3/32” to 1” 


DUMONT TWEEZERS 
G. CURTIS 


SPRANG 


607 So. Hill St. 
Los Angeles 14, Calif. 
MAdison 3-1025 
Eastern Representative Wanted 
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WANTED 
ENGINEERING WRITER 


Excellent opportunity as junior editor for an 
instrument and control magazine. Must be 
graduate engineer between 25-30 years of 
age, and must have experience in electronic 
instrumentation or related equipment and 
proven ability to do technical writing. Op- 
perceety for ser py and advancement. 
ubmit resumes to Box 2107, c/o iSA 
Journal. 











* 
> new literature 





Mold Temperature Control 
Five-page question and answer book 
tells of system for controlling mold faces 
at optimum temperatures bv high velocity 
circulation of precisely controlled-temper- 
ature water through the channels in the 
mold. Tells how mold temperature con- 
trol can increase production speeds, low- 
er rejects, improve casting quality and 
shorten startup and trial. Industrial Man- 
ufacturing, Indianapolis, Ind. 


CIRCLE NO. 451 ON PAGE 99 


Gas Flowmeter 

Bulletin 178 describes a mass flow pri- 
mary element for use with gases. In- 
cludes features, basic theory and ordering 
information in four illustrated pages. 
Practical features include rugged construc- 
tion, easy installation, custom calibration, 
etc. National Instrument Labs., Wash- 
ington, D. C. 

CIRCLE NO. 452 ON PAGE 99 


Choosing & Using Lab 
Instruments 

Illustrated literature tells how to select 
and use electrical measuring instruments 
in experimental labs. John H. Miller is 
author of 8-page “how-to” which describes 
and explains type, range and ratings of 
instruments used in standards, power and 
electronics labs. Weston, Newark, N. J. 


CIRCLE NO. 453 ON PAGE 99 


Dielectric Test Set 

Complete specifications, operating and 
design features on dielectric test set for 
making step-voltage-current (or resist- 
ance) tests, voltage withstand and break- 
down tests on the insulation of electrical 
equipment with voltage ratings in the 
300, 600 and 2500 volt classes and higher. 
Bulletin 22-5. James G. Biddle, Phila- 
delphia, Pa. 
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SALES ENGINEERS for CONTROL 
SYSTEM SALES TO THE 
PETROLEUM AND GAS INDUSTRY 
Applicants must have an E.E. Degree 
or equivalent and at least two years 
experience in the instrumentation and 

control fie 

Starting salary commensurate with ex- 
rience. You will be working for a 

ong-established organization, recog- 

nized world-wide as a leader in its 

field, with headquarters in the ro- 

gressive eae “Renaissance City” 


Send re~ume, or write for further de. 
Mr. George A. Frye. 
Union &s 














WANTED 
MANUFACTURER’S 
REPRESENTATIVE 


Instrument Accessories 


Excellent rtunity with oldest man- 
ufacturer ermocouple com ents 
in the U.S. Manufacturers of ermo- 
couple and Res wire, Precision 
dril wells insulated wire, 
Thermocouples and accessories: Open- 
ings available for Southeastern repre- 
sentation including ———. Alabama, 
Tennessee, North and th Carolina 
and Florida. Send + + in con- 
fidence to 





Write Box No. 2110 c/o ISA Journal 
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SYSTEMS DESIGN ENGINEERS 


Challenging opportuni for Electrical 
Engineers to work with a long-estab- 
lished organization recognized world- 
wide as a leader in its field. Head- 
as in Pittsburgh, the Renaissance 

ity. You will be designing systems for 
industrial and oe transportation 
control and data-handling equipment 
to meet customer requirements. Relay 
or solid-state circuitry experience help- 
ful but not necessary. Send resume or 


Mr. George A. Frye, 
Employment Supervisor 
Union Switch & Signal—Division of 
Westinghouse Air Brake Company 
Pittsburgh 18, Pennsylvania 
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Relief valve with 


T RETAINER 
O-RING SEAT 








replaceable O-ring seat 


Bubble-tight operation up to set pressure is now 
possible with Anderson, Greenwood & Co.'s Type 
3 Relief Valves. This new design uses replaceable 
O-ring seats to give perfect sealing and reseating 
qualities over a long dependable life — even on 
helium at 7000 psi. Write for catalog 151. 


ANDERSON, GREENWOOD & CO. 


1400 N. RICE AVE. 


BELLAIRE, TEXAS 
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POSITIONS W. 
three lines. Box number counts as one line. 
Payable in advance. No discount. 


POSITIONS OPEN, : $1.50 per line, mini- 
a SF ehent ironies 
50 characters and spaces per line. 


ar ~' ae? iad a4 to P solu ): $14.00 per column 
inch. 
dard advertising rates 
omy. 
must reach the ISA seornst, Granite Bidg., 


315s Ave., Pittsburgh 22, Pa., not later than 
month preceding date ‘of publication. 











POSITIONS OPEN 
OVERSEAS — Career opportunity for In- 
strumentation Engineer. Degree electri- 
cal engineering and good background in 


development, design and application of 
local and remote electric, ——_ and 


- draulic control items. ipervisory 
ability uired for chall L, high level 
position. Family may join r six months. 
Bend detailed resume to Trans-Arabian 


Pipe Line Company, 505 Park Avenue, 


New York City. 








Opportunities in the 


Standard Oil Co. 
of California 


Engineering Department 


BS or MS in ME or ChE 


Two instrument application en- 
gineers wanted with 6 to 10 
years’ experience in plant de- 
sign and instrumentation of 
petroleum processing and pe- 
trochemical plants. Minimum 
of 4 years in instrument appli- 
cation engineering required. 
San Francisco location. 


Give full details of education, 
experience, and references. All 
inquiries will be held confi- 
dential. 

Address replies to: 


MR. R. R. HOWELL 


Standard Oil Company 
of California 


PERSONNEL DEPARTMENT 


225 Bush Street 
San Francisco 20, California 











July 1959 








Multimeters 

Portable multimeters, incorporating 
many ranges of both current and voltage 
on the same instrument are described in 
bulletin 501-A. Includes construction fea- 
tures, specifications, advantages cf multi- 
range instruments. Rawson Instruments, 
Cambridge, Mass. 
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Thermowell Catalog 

New thermowell catalog lists and de- 
scribes wells used in conjunction with 
thermocouples. Includes wells of all pop- 
ular construction modes, both bar-stock 
and built-up. Various types of process 
connections are described and illustrated. 
Trinity Equipment, Cortland, N. Y. 
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Bimetal Thermostats 

Bimetal disc thermostats for use in 
electronic, avionic and missile applica- 
tions requiring narrow differentials and 
close temperature control are described 
in bulletin 6100. Ratings, construction, 
dimensions and various terminal arrange- 
ments given in diagrams, tabular data 
and photos. Stevens Mfg., Mansfield, O. 
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Inductive Potentiometers 

Small sized inductive potentiometers 
specifically designed for exacting airborne 
and missile requirements described in data 
sheet 801-LP4. Info includes dimensional 
and schematic drawings, photos and ta- 
ble of electrical and mechanical specifi- 
cations. Daystrom Transicoil, Worcester, 
Pa. 
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Space Age Ceramics 

Ceramics for temperature resistance and 
high strength in modern electrical and 
mechanical equipment described in 4- 
page bulletin 858. Table of physical and 
mechanical properties, info on tolerances 
and finishes available. Coors Porcelain 
Co., Golden, Colo. 
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Digital Meter 

High accuracy, multi-purpose digital 
volt-ohm-Ratiometer provides 100-micro- 
volt and 0.l-ohm sensitivity. Applications 
include automatic data logging and mis- 
sile checkout systems. Reference voltage 
range of +1 to +100 volts for voltage 
ratio measurements. Non-Linear Systems, 
Del Mar, Calif. 
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Weighing Systems 

Bulletin 591 tells of engineered weigh- 
ing systems that are geared to practical 
conditions of field applications. Designed 
to handle a great variety of weighing jobs 
in industry, the systems combine accuracy 
with ruggedness demanded by industrial 
applications. A. H. Emery, New Canaan, 
Conn. 


CIRCLE NO. 461 ON PAGE 99 





ADVERTISERS 








Aero Research Instrument Co., Inc 118 
Allison Laboratories, Inc 39 
ge wy i 

Shain go's ee 
Ande Greenwood & Co. 130 
Armour Research Foundation 

of IMinois Institute of Technology 129 
Automatic Switch Co. 44 
Autonetics, Div. of North American 

Aviation, Inc. ....... : 105 
8 G H Instrument Co., Inc. .. 120 
Beckman Instruments, Inc. Berkeley Div. 36 
Bendix Aviation Corp., Cincinnati Div. 110 

Bendix Computer, Div. of 

Bendix Aviation Corp. 103 
Black, Sivalis & , Inc., 

Safe y Head Di . 117 
woudl ag & hastens 129 
Bourn ‘4 6 
Buffalo "Meter Co., Inc. 24 
Campbell, J. A. Co. ... 18 
Colvin Laboratories, Inc. 116 
Computer Systems, Inc. 33 
Conoflow Corp. Cover 3 
Crescent Insulated Wire & Cable Co., 2 
Dahli, W. Co., Inc. 38 
Daystrom ystems, Div. of Daystrom, ‘Inc. 29 
Diehi Manufacturing Company, Electrical 

Div. of The Singer Manufacturing Co. WW 
Donner Scientific Co. .. 107 
Driver-Harris Company . 25 
Elgin Metalformers Corp. 21 
Evaporated Metal Films Corp. 127 
Fischer G Porter Co. ... 3 
Fisher Governor Company 8, 9 
Foxboro Co., The ....... 37 
GPE Controls, Inc., Subsidiary of 

neral Precision emnaneed oo. Cover 4, 19 
See eee Se. pera 98 
sys Corp., Subsidi ° 

ee Vought Aircratt 41 
Gordon, Claud S. Se 18 
Gubelman Charts inc. 129 
Hagan Chemicals G Controls, inc. 113 
Houston Instrument Corp. 106 
industrial Instruments Engineering Gn. 
instrument Society of America , 42, 43, 114 
Instruments, Inc. .. 27 
Kieley G Mueller, Inc. 7 
Litton Industries 

Electronic Equipments Div. . a ainared 14 
Lockheed Missiles and Space Division . 132 
Magnetrol, Inc. .. 119 
Mansfield G Green Inc. 124 
Marquardt Corp., The 109 
Mason -Neilan, Div. of Worthington Corp... 16, 17 
Mercoid Corp. , The 109 
pang é Cover 2 
Mine ty liances 0. 

ne Safety, Appl 28 
Minneapolis-Honeyw ell 12, 101, 12) 
Minneapolis- Honeywell Regulator Co., 

Heiland Div. . : 26, 27 
Moore, Samuel G Co. 

Dekoron Products Div. 

Muirhead Instruments Inc. 128 
Non-Linear Systems, Inc. 31 
North American Van Lines, Inc. 32 
Panellit, inc., Panalarm Div. 104 
Philbrick, George A. Researches, Inc. 10 
Photovolt Corp. ....... t- .. 102 
Quarie Controllers .. 110, 126 
Sanborn Co., industrial Div. 34 
Schutte and Koerting Co., instrument Div.. 116 
Sigmamotor, Inc. ay vei 124 
Skinner Electric Valve Div. 35 
Sorensen G Co., Inc. . 22 
Southwestern Industrial Electronics Co. 

A Div. of Dresser Industries, Inc. ... 39 
Space Technology Laboratories, Inc. W5 
Sprang, G. Curtis .... ‘ 130 
Standard Oil Co. of California .. 131 
Statham Instruments, Inc. ... 125 
Thermo Electric Co., Inc. 109 


Thompson-Ramo-Wooldridge Products Co., 
A Div. of Thompson Ramo Wooldridge inc. 30 


United Air Lines ... 126 

United States Gauge, Div. of 
American Machine and Metals, Inc. 123 
Victor Equipment Co., Missile Div. 20 
Weksler Instruments Corp. 106 
Weldmatic, Div. of Unitek Corp. 128 
Westronics, inc. 122 
131 















Expanding the Frontiers 
of Space Technology in 


INSTRUMENTATION 


@ Instrumentation at Lockheed 
and Space Division covers 
a range of activities from 
fundamental research to advanced 
measuring techniques directly 
applicabie to operating missile and 
space r : 
Some recent examples of Lock- 
heed’s work in this field include: 
measurements of the electrical, 
mechanical and thermal character- 
istics of certain semiconductors 













10,000 cps; laboratory and field 
tests on new ceramic pyroelectric 
transducers for direct measurement 
of heat absorption rate; and the 






dynamic pressure gauges and mi- 
crophones to transient heating. 
Other current efforts include the 
design of a low-input-impedance 
amplifier for use with piezoelectric 
vibration pick-ups; development of 
a compact, multiple-filter circuit for 
in-flight analysis of vibration data; 
and development of simple hand- 
held devices for preflight field 
calibration of accelerometers and 


pressure gauges. 
ENGINEERS and 
SCIENTISTS 


Lockheed Missile and Space Divi- 
sion programs reach far into the 




















ronments. Exciting opportunities 
exist for engineers and scientists to 
contribute to the solution of new 
problems in these fields. If you are 
experienced in one or more of the 
above areas, or have background in 
related work, we invite you to share 
in the future of a company that has 
an outstanding record of achieve- 
ment and to make an important 
individual contribution to your 
nation’s progress in space technol- 
ogy. Write: Research and Develop- 
ment Staff, Dept. G-24, 962 W. El 
Camino Real, Sunnyvale, California. 
USS. citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 
Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER SATELLITE; 
Army KINGFISHER; 

Air Force Q-5 and X-7 
SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO ® HAWAII 
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investigation of the response of | 









future and deal with unknown envi- - 








» coming events 


*Denotes ISA Sponsored or Participating Meeting 














AUGUST 1959 


August 60a Convention = = 


Instrum 
tion rs, Ambassador Hotel, Los 
Angeles, Calif. Contact: SPIE, Box 288, 
Redondo Beach, Calif. 


August 12-14—8th Annual Conference on 
of X-ray Sante. Estes 
Park, Colorado. Sponsor: ‘etallurgy 
Div.. Denver Research Inst., U. of 
Denver. Contact sponsor for further 
information. 


August 18-21 — Western Electronic Show 
and Convention, San Francisco. - 
WEMA. Contact: W IN 
Headquarters, 1435 =‘S. _ Cienega 
Blvd., Los Angeles 35, Cal 


August 24-28—Gordon Confer- 
ence on Colby Jun: ad 

College, New London, N. H. 
Contact: W. George Parks, 


Dept. of Che , Universit 
Rhode Island, Kingston, Rhode Is. ¢. 


August 24-26—A, Gas Measure- 
ment Short aay A of West 


Virginia, Morgantown, Bas ‘a. Con- 
tact: Prof. R. E. Hanna, U. of West 


Virginia, Morgantown, . Va. 





SEPTEMBER 1959 
September 6-12—Conference on Standards 


Searching and Treaslahion, Cleveland, 

eve 
°°. S r: Western Reserve U. and 
Ran Development Corp. Contact: 
Secretariat, Center for Documentation 
and Comm tion ——. Western 
Reserve, Cleveland 6, 


September. oy - Conference _ 
Palo Alto, “Cal. Contact: 


Harve 
Chiat, General Mills, Mechan ay te 
2003 E. Hennepin Ave., Soret 13, 


Minnesota 
aSegtenee. 21-25—14th Annual ISA In- 
ent-Automation and 


Exhibit, International hitheater, 
Chicago, Illinois. For ex -— infor- 
mation contact vet L Ex- 
hibit Manager, Instrument Society of 
America, 3443 South Hills St., Los An- 
geles, Calif. For all other information 
contact William H. Kushnick, Execu- 
tive Director, Instrument Socie of 


America, 313 Sixth Avenue, Pitts- 
burgh 22, Pa 

September 28-30—1959 National 
on T Franciseo, Cal 
Sponsor: IRE Group on 


ontact: George L. Marse, Lockheed 
Aircraft Corp., Missile Systems Div., 
Sunnyvale, Cal. 


OCTOBER 1958 


October 6-7—Conference on Valve Engi- 
neering, U. of Pennsylvania. Sponsor: 
EIA Engineering Dept. Contact: Spon- 
sor, 650 Salmon Tower, 11 West 42nd 
St., New York 36, New York. 


October 12-14 — 15th Annual National 
El Conference. 


ectronics .» Chicago 4 
Contact M. E. Van ee Elec- 
trical ; aes Dept., U. of Illinois, 
Urbana, 


—— ngs Annual Computer Ap- 

i . Morrison Hotel, 

Phicsse I Sponsor: Armour Re- 

search Foundation. Contact: M. J. Jans, 

Armour Research Foundation, 10 W. 
35th St., Chicago 16, IIl. 


NOVEMBER 1959 


*x November 4-6—National Automatic Con- 

trol Conference, Dallas, Texas. IRE 

with ISA, AIEE cooperating. Contact 

_ a Bigliano, E. I. duPont de Ne- 

mours, Experimental Station, Wilming- 
ton 98, Delaware. 


aes ~~ 4-6—Sectional a ——y 
tt, Hotel a "yorker, N.Y N. Y. 
‘ontact: 


Tiseaete 
Dr. M. F. Wien air ede Corp., 
Research Lab., naire Hill, N. J. 


November $-11—4th Instrumentation Con- 
ference, tlanta-Biltmore, Atlanta, 


Ga. y r: IRE. Contact: IRE, 1 East 
79th a ee ee Oe A 
*towdeabes 10-12—12th Annual 
and Biology, T ge 
TRE A ISA’ Contact: Carl 
Berkley. Rockefeller Institute, New 


York 21, New York. 
November 16-20—Fifth International Auto- 
mation 


Congress and New 

= big Show Building, New York. 
‘on hard , Managing 
ogy — r, 845 Ridge Ave., ’ Pittsburgh 


«November 23-24—Solid State Electronics 
Ss Philadelphia, Pa. — 
sor: Philadelphia Section ISA. Con- 


tact: A. M. Shore to ta gg Devices 
Co., P. O. Box 236, Glenside, Pa. 


FEBRUARY 1960 


*Feb: 1-5—ISA Instrument-Automa- 
tion Cenderence and Exhibit, Sam 


Houston Coliseum, Houston, Tex. Con- 
tact William H. Kushnick, Executive 
Director, Instrument Society of Amer- 
ica, 313 6th Ave., Pittsburgh 22, Pa. 


MARCH 1960 


*March $-11—ISA Temperature Measure- 
ment S jum, Deshler-Hilton, Co- 
lumbus, Ohio. ‘Contact: Director, Tech- 
nical and Educational Services, 

313 6th Ave., Pittsburgh 22, Pa. 





APRIL 1960 


*April 3-8—6th Nuc'ear Congress, New 
York City. Sponsor: EJC, ISA coop- 
erating. Contact: Director, Technical 
& Educational Services, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 


*April 5-7—3rd National ISA Chemical & 
Petroleum Instrumentation Sympos- 
ium, Rochester, N. Y. Contact: Direc- 
tor, ree ‘and Educational Serv- 
for, ISA, 313 Sixth Ave., Pittsburgh 

, Pa. 


MAY 1960 


way 2-5—6th National ISA Flight Test 

. San Diego, Calif. Contact: 

Director, Technical & Educational 

_— ISA, 313 6th Ave., Pittsburgh 
, Pa. 


ym, San Fran- 
cisco, Calif. Contact: Director, Techni- 
cal & Educational Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


a 13— ISA Instrument-Automation 
and Exhibit, Brooks Hall, 
San Francisco, Calif. Contact: William 
ae Executive +7 ISA, 

3 6th Ave., Pittsburgh 22, Pa. 


(date to be announced)—Sth Na- 
a Telemete: Conference, West 
Coast. Sponsor: I with AIEE, ARS, 
IAS cooperating. Contact: Director, 
Technical & Educational Services, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


JUNE 1960 


June 1-3—6th Annual ISA Instrumental 
Methods of Analysis Symposium, Mon- 
treal, Canada. Contact: Director, Tech- 
nical and Education Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


SEPTEMBER 1960 


«September 26-30—ISA Instrument-Auto- 

mation Conference and Exhibit and 

15th Annual Meeting, New York Coli- 

seum, New York City. Contact: Wil- 

liam Kushnick, Executive Director, 
ISA, 313 6th Ave., Pittsburgh 22, Pa. 


ISA Journal 


Ma -ll—3rd National ISA Power In- 
esos s 
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“Best valves we ever found 
for tight shutoff on our 
maleic acid lines” says 
Instrument Foreman of 
a well-known mid-west 
chemical plant. 


YOU CAN COUNT ON 


FOR TIGHT SHUTOFF 





Major chemical companies have switched to Conoflow 
Series LB Control Valves because they provide absolute 
tight shutoff, regardless of operating variables. Tight shutoff 
prevents waste of costly liquids and gases... insures pre- 
cise process control. 


The answer is the single-seated body and the powerful 
cylinder actuator of the LB Valve. This integrated body- 
actuator design allows for leak-proof shutoff not possible with 
double-seated valves. 


An added feature of the LB Valve is much lower all-around 
maintenance costs. Body separates easily at seat ring for tear 
down and inspection. Fewer replacement parts mean sub- 
stantial inventory savings. Streamlined body contours and 
extra thick walls assure longer life in 
corrosive and erosive services. Also, 
when it comes to special alloys... 
type 316 Stainless steel, Hastelloys, 
Monel, Nickel, Everdur, etc., the 
single-seated LB Valve offers a sub- 
stantial initial cost advantage over 
double-seated construction. By all 
standards, your overall cost is much 
less for a Conoflow Series LB Valve. 


If you are not already a user, try a 
Conofiow LB Control Valve . . . and 
let it prove itself. 


Also available with sturdy 
handwheel actuators for 
precise manual control. 


— Cont Cisnols® 


Phone your nearest 

Conoflow representative 

(located in principal 

cities), or write to Conoflow 

Corporation, 2100 Arch 

Street, Philadelphia 3, Pa. 
for Bulletin LB-3-I. 


CIRCLE NO. 133 ON PAGE 99 


SON OrL ew 7 
VALVES 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 











LIBRATROL: 500 


... the complete digital process control computer 


packaged for on-line applications 


The Lusratro.i-500 is.the equivalent of a 3-sh*‘t 
engineering staff, available to analyze and/or con.- 
trol every function of your plant, for continuous 
improvement of productivity, cost, and product 
quality. 

Most modern process control systems can utilize 
the GPE Controls LapraTrot-500 for logging, su- 
pervisory or closed-loop control — at little addi- 
tional cost. This is because the basic standard 
Lopratroi-500 package is complete — including in- 
put and output, scanning, computing, and logging 
functions tailored to process contro] requirements. 

The LrsrAtrow-500 digital contro) compuier is 
priced at $84,500 complete. Other models also 
made. by Librascope are available. 


Write for complete details about the 
GPE Controls LIBRATROL—500 
and its application to process control systems 








GP 


Crtleole: 


A 
GENERAL 
PRECISION 


COMPANY 








A Subsidiary of GENERAL PRECISION 
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Specifications of Standard 


LIBRATROL: 500 


PROCESS CONTROL COMPUTER 


INPUTS 
Continuous multiple-switched electrical 
signals from temperature, pressure, flow, 
composition, pH, etc. 
QUICK ACCESS LOOP: 64-word recircu- 
lating register for parallel input, compu- 
tation, and output. 
SPEED: 66 samples per second. 
NUMBER: 8, expandable to 512 with ad- 
ditional optional plug-in components. 
SEQUENCE: By computer command; 
changeable by program. 
VOLTAGE RANGE: 0-1 and 0-10 (or more) 
voits d.c. 
MANUAL: Flexowriter and punched paper 


tape. 
DIGITAL CLOCK: Internal, pure binary, 
real time to provide time of day for 
logging. 

OUTPUTS 
Flexowriter and punched paper tape; and 
computer logic producing 10-bit address- 
able word to actuate relays for control 
signals. 
SPEED AND NUMBER: 66 outputs per 
second; time-sharing permits unlimited 
number. 
SEQUENCE: By computer command; 
changeable by program. 
TIME READOUT: From digital clock. 
TYPICAL OPTIONAL CONTROL FUNC- 
TIONS AVAILABLE: Alarms, voltage level, 
bridge balance, relay closure, setpoint, 
reset rate, proportional band, variable 
time delay, recorder, plotter. 


GENERAL SPECIFICATIONS 
COMPUTER TYPE: General-purpose 
digital. 
NUMBER BASE: Binary. 
“ODE OF OPERATION: Serial. 
IN'STRUCTION TYPE: Single address. 
N'IJMBER OF DIFFERENT INSTRUC- 
T'ONS: 16 
MEMORY TYPE: Magnetic drum. 
M&MORY CAPACITY: 4096 words. 
WGRD LENGTH: 30 bits plus sign. 
CLOCK FREQUENCY: 136 KC 
ADD TIME (Excluding Access): 0.25 mil- 
liseconds. 
MULTIPLY TIME (Excluding Access): 15 
milliseconds. 
WEIGHT. 1000 Ibs. nominal. 
SIZE: 30” x 42” x 60”. 
POWER REQUIREMENTS: 117 volts 
(+10%) 17 aimperes 60 cycles. 


OPTIONAL EQUIPMENT 
PHOTOELECTRIC READER: High-speed 
punched paper tape input for buffer 
storage. 
MAGNETIC TAPE: Storage for additional 
input, output, and computing infor- 
mation. 
MAGNETIC-CORE MEMORY: For quick 
access to storec data. 
PUNCHED CARD INPUT. 
LINE PRINTER: High speed data-logger 
printing 14 digits at a time. 
TYPEWRITER SELECTOR: For multi- 
station printout. 
RELAY SENSING EQUIPMENT: For 
pameeny nen | computer program in accord- 
ance with plant or product requirements. 
GRAPHIC PANELS: For visual display of 
information. 
CONSTANTS PANEL: Manual digital data 
insertion or readout for operation by non- 
technical personnel. 


GPE Controls, Inc. (formeriy Askania Regulator Company) 
240 East Ontario Street + Chicago 11, Illinois 


EQUIPMENT CORPORATION 














